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U. S. Committed to Space Era 


endowed with si 


and insi 


Inquisitive eyes denote the inquisitive minds that made 

possible today’s rocket powerplants. Sharp eyes and minds 

that have the power to visualize challenging problems 

. .. and the insight to solve them. 

Spurred by such long-range sight and insight, RMI has blazed 

the trail in rocket power for over fifteen years. And today, = oy 

with new developments in manned and guided flight creating _ 
/ 


vast new propulsion problems, RMI will continue to lead 
the way. For RMI engineers and scientists form a talented, | 

far-sighted team, designing and producing advanced 


powerplants for the vehicles of tomorrow. _ | 


Engineers, Scientists— Perhaps you, too, can work 
with America’s first rocket family. You'll find ; 
the problems challenging, the rewards great. 
Power | for Progress ~ 
REACTION MOTORS, INC. \. 


A MEMBER OF THE OMAR TEAM 
DENVILLE, NEW JERSEY 
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Not on cigarette brands— 


nor the shape of tomorrow’s 
rocket—but every day, 
throughout industry, 
Engineers agree 


on Wiggins Connectors. 


The authority on connectors 
Engineered for Reliability. 


lll 

engineers 
= 
Wiggins | 
E. B. Wiggins Oil Tool Company, Inc. = 
3424 East Olympic Blvd., Los Angeles 23, Calif. a 


PARSONS is performing — 
Nuclear Engineering Projects 


FOR INDUSTRY and GOVERNMENT 


RADIATION 

RESEARCH 
@apons environmental re- 
nd operation Barch; laboratories and test 
lowered aircraft, roc cilities for chernical, biologi- 


ELECTRIC 
POWER 


Nuclear reactor systems and 
support facilities for power 
generation and transmission. 


INDUSTRIAL 


PROCESS 
HEATING 
Systems for space heating; 
petroleum and chemical pro- 

cessing. 


AND SAFE" 


azards analysis, site Selection, 


strumentation, process end 
ality control, safety en. 
g, radioactive materials 


ANUFACTURE 


ants for uranium ore pro- 
ssing; and for manufacture 
new chemicals, fuels, plas- 
5, and petroleum products— 


lizing nuclear energy and 
sociated technics. 


g, and waste dispose’. 


NEW YORK 
PASADENA 
WASHINGTON 


ANKARA 
BAGHDAD 


LOS ANGELES New 
ARI 


JET PROPULSION 


= 
ly 
4 
si 
Sp 
Bs 
~ ; 
50 
acc 
on 
Se 
J 
se 
in sec 
| 
sib 
3 Ch 
Pri 
L 
----~ A . PARSONS COMPANY 
be 
Pri 
* anc 
42 at 2 
M. 
“= 


Scope of JET PROPULSION 

Jer Propu.sion, the Journal of the American Rocket Society, is 
devoted to the advancement of the field of jet propulsion through the 
publication of original papers disclosing new knowledge and new de- 
velopments. The term ‘“‘jet propulsion”’ as used herein is understood 
to embrace all engines that develop thrust by rearward discharge of a 
jet through a nozzle or duct; and thus it includes systems utilizing 
atmo: pheric air and underwater systems, as well as rocket engines. 
Jet PROPULSION is open to contributions, either fundamental] or ap- 
plied, dealing with specialized aspects of jet and rocket propulsion, 
such as fuels and propellants, combustion, heat transfer, high tem- 
perature materials, mechanical design analyses, flight mechanics of 
jet-propelled vehicles, astronautics, and so forth. JET PROPULSION 
endeavors, also, to keep its subscribers informed of the affairs of the 
society and of outstanding events in the rocket and jet propulsion 
ield. 


Limitation of Responsibility 


Statements and opinions expressed in JET PROPULSION are to be 
understood as the individual expressions of the authors and do not 
vecessarily reflect the views of the Editors or the Society. Te 


Subscription Rates 


One year for members (twelve monthly issues)........... $6.25 
One year for nonmembers (twelve monthly issues)........ $12.50 

Foreign countries, additional postage.............. add 50 


Change of Address 


Notices of change of address should be sent to the Secretary of the 
Society at least 30 days prior to the date of publication. fa 


Information for Authors 


Preparation of Manuscripts _ 
Manuscripts must be double spaced on one side of paper only with 
wide margins to allow for instructions to printer. Submit two copies: 
original and first carbon. Include a 100-200 word abstract of paper. 
The title of the paper should be brief to simplify indexing. The 
author’s name should be given without title, degree, or honor. A 
footnote on the first page should indicate the author’s position and 
affiliation. Include only essential illustrations, tables, and mathe- 
matics. References should be grouped at the end of the manuscript; 
footnotes are reserved for comments on the text. Use American 
Standard symbols and abbreviations published by the American 
Standards Association. Greek letters should be identified clearly for 
the printer. References should be given as follows: For Journal 


Articles: Authors, Title, Journal, Volume, Year, Page Numbers. 
For Books: Author, Title, Publisher, City, Edition, Year, Page 
Numbers. Line drawings must be made with India ink on white 


paper or tracing cloth. Lettering on drawings should be large 
enough to permit reduction to standard one-column width, except 
for unusually complex drawings where such reduction would be pro- 
hibitive. Photographs should be clear, glossy prints. Legends must 
accompany each illustration submitted and should be listed in order 
on a separate sheet of paper. 


Security Clearance 


Manuscripts must be accompanied by written assurance as to 
security clearance in the event the subject matter of the manuscript 
is considered to lie in a classified area. Alternatively, written assur- 
ance that clearance is unnecessary should be submitted. Full respon- 
sibility for obtaining authoritative clearance rests with the author. 


Submission of Manuscripts 


Manuscripts should be submitted in duplicate to the Editor-in- 
Chief, Martin Summerfield, Professor of Aeronautical Engineering, 
Princeton University, Princeton, N. J. 


Manuscripts Presented at ARS Meetings 


A manuscript submitted to the ARS Program Chairman and 
accepted for presentation at a national meeting will automatically 
be referred to the Editors for consideration for publication in JET 
PROPULSION, unless a contrary request is made by the author. 


To Order Reprints 


Prices for reprints will be sent to the author with the galley proof, 
and orders should accompany the corrected galley when it is returned 


to the Assistant Editor. 


JET PROPULSION, the Journal of the American Rocket Society and the American Interplanetary Society, published monthly by the American Rocket Society 
The Editorial Office is located at 500 5th Ave., New York 36, N. Y. 


at 20th and Northampton Streets, Easton, Pa., U.S.A. 
year for nonmembers, $6.25 per year for members: 
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The Jet Propulsion Labora- 
tory is a stable reseach and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1700 people. it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 


fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


JOB OPPORTUNITIES 


ARE NOW AVAILABLE 


Nike go. 


IMPORTANT ACHIEVEMENTS AT JPL 


= Fosax- D- mq 


wrt = LtFsum cot 


Engineers and scientists interested in a 
wide range of activities will appreciate the 
fluid character of the research and develop- 
ment projects in progress at the Jet Propul- 
sion Laboratory. These projects include 
research in the fields of Electronics, Physics, 
Applied Mathematics as well as the design, 
development and analysis of guided missile 
systems. 

These men, though individually respon- 
sible, work together as a thoroughly inte- 
grated team on all of the aspects of the 
entire missile system instead of concentrat- 
ing on certain highly specialized missile 
components. 

Since this work includes projects involving 
guidance, electronics, systems analysis, 
structures, propulsion etc., which are con- 
stantly influenced by continuing Laboratory 
research, the comprehensive program con- 


Engineering Teamwork in Missile Development 


tains problems which are challenging to 
individuals with interests in virtually every 
phase of engineering and science. 

The great diversity of activity and constant 
progress being made in the various fields of 
endeavor by the staff of the Jet Propulsion 
Laboratory has proved to be a stimulating 
attraction to qualified people interested in 
pioneering in basic research, applied 
research and development engineering in 
the guided missile field. The result of this 
has been to bring together a congenial group 
of forward-looking engineers and scientists 
who are intensely interested in the 
pioneering projects now in progress at the 
Laboratory. 

Additional men of this type are needed 
and if you are interested and feel you are 
qualified, send your resume today for im- 
mediate consideration. 


ELECTRONICS * PHYSICS * SYSTEMS ANALYSIS ; 
COMPUTER DEVELOPMENT * INSTRUMENTATION 


TELEMETERING AND MECHANICAL ENGINEERING 


JET PROPULSION LABORATORY 


ne DIVISION OF CALIFORNIA 


PASADENA*+ CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


Jer PROPULSION 
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New 1957 Engineering 
Data Book from World’s 
Largest Producers ot 
Ball /Bearing 
Screws and Splines 


4 


STEERING GEAR DIVISION | 

| 36 pages crammed with time-, work-, and money- 
saving facts: Principles « Types ¢ Basic Operations 

Coupling Methods « Efficiency « Versatility « Ad- 

vantages Selection Factors Design Data 

Sample Problems, etc. 


SAGINAW b/b SCREWS are 90%-98% efficient (com-— 
pared to 15%-20% efficiency of Acme screws). Require 24 
LESS torque and power for same linear output—with conse- 
quent weight, space reductions. Function normally at —75° 
to +250° F. Two types: precision-ground or commercial 
rolled-thread. Have been built 114 in. to 391% ft. long. 


SAGINAW b/b SPLINES have 40 times lower coefficient 
of friction than sliding splines; transmit or restrain high — 
torque loads far better; permit vital power, weight, space — 
reductions. Have been designed 3 in. to 10 ft. long. 


FOR YOUR FREE COPY 


F 

Saginaw Steering Gear Division, General Motors Corp. 

' b/b Screw and Spline Operation 

s Dept. 6U, Saginaw, Michigan 

§ Please send 1957 engineering data book on Saginaw b/b Screws 
and Splines to: 

i 


COMPANY TITLE 
Screws & Splines 
ADDRESS 
SAGINAW STEERING GEAR DIV., GENERAL MOTORS CORP., SAGINAW, MICH. city ZONE___ STATE 
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ANDREW BOTTARO 


After starting with Bell as a Loftsman in 1942, 
he left for college in 1945 and received o B. S. 
in Mechanical Engineering from Purdue in 1949. 
He returned to Bell immediately as a Develop- 
ment Test Engineer on Thrust Chambers and 
soon excelled in R&D testing, the design of 
test equipment and instrumentation. He is now 
manager, at 33, of the Wheatfield Plant Rocket & 
Laboratory. 


Where folks are on the up and up 


Engineers with ability, like Andrew Bottaro, move up rapidly in 
Bell Aircraft’s newly-organized Rockets Division. This fast movy- 


ing, rapidly expanding organization offers challenging opportu- 


nities in practically all fields of engineering. From the initial 


design of components to the installation of the complete power 


plants, engineers here are making important contributions to 
this new and vital technology. 
If your present position does not offer the professional 


future of which you believe yourself capable—if you’re look- 


ing for a chance to accomplish more and move faster, 
investigate the opportunities at Bell Aircraft. 

Write today: Manager, Technical Employ- 
ment, Dept. K-34, Weapon Systems Division, 
BELL AIRCRAFT CORPORATION, P. O. Box One, 
Buffalo 5, New York. 


@ Aerodynamicists 

@ Aeronautical Engineers : 
Automatic Control Designers 
e@ Chemical Engineers + 
e@ Combustion Research Engineers 

Communications Engineers 

e@ Design Checkers 

e@ Development Engineers 

@ Digital Computer Development Engrs. 
@ Dynamic Engineers 

e Electronic Engineers 

@ Electronic Standards Engineers 

@ Engineering Computers 

@ Environmental Specialists 
@ Field Test Engineers 

@ Flight Test Engineers 

@ Flight Test Programmers 
@ Fuel Injection Specialists 
Gear Designers 

e@ Guidance Engineers 

@ Gyro Specialists 

Heat Transfer Engineers 
Hydraulic Engineers 

IBM Programmers 
Instrumentation Specialists _ 
Laboratory Test Engineers 
Magnetic Amplifier Specialists 
Mathematical Analysts 
Mechanical Engineers 
Microwave Engineers 
Miniturization Engineers 


Operations Analysts ~ 
Physicists 
Power Plant Designers 
Pressure Vessel Designers 
Project Engineers 
Publication Engineers 
Radar Systems Engineers 
Rocket Test Engineers 
Servo Systems Engineers 
Servo Valve Engineers 


Statisticians 
Stress Engineers 
Structures Engineers Be: 
Specification Writers 
Technical Writers 

Test Equipment Engineers 
Transformer Design Specialists 
Transistor Application Engineers 
Thermodynamic Engineers 
Telemetering Engineers b 
Turbine Pump Designers 
Vibration & Flutter Analysts 
Weapons Systems Engineers 
Wave Guide Development Engineers 
Weights Engineers 
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| Missile Metal Machining 7 


A guided missile component, previously contour turned, now being 


A Typical vo finished in inaccessible areas by contour planing . . . using a Three 
Dimensional Rockford Tracer Planer. By planing we are completing a 
section of a turned eliptical dome. Another typical and tough missile 

_ Tough Job hardware job involving intricate and difficult machining techniques. 
ba ee: At Diversey Engineering you have the largest facilities exclusively 
ia, devoted to your Guided Missile and Rocket Hardware problems. 


Contact us on your tough jobs. 


LEADERS IN CONTOUR MACHINING 


Diver ENGINEERING COMPANY 


10257 FRANKLIN AVENUE + GLADSTONE 5-4737 
FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


FROM NOSE TO NOZZLE, FROM FIN. TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, NBC Network. Co 


TOUGH ENOUGH TO ABSORB 
JARRING HIGH-SPEED IMPACT... 


IT’S A MENASCO LANDING GEAR, 
FORGED BY KAISER ALUMINUM 


_ This landing gear forging, produced for Menasco 
and used on the Air Force’s Convair F-102A jet 
interceptors, is proof of Kaiser Aluminum’s ability to 
produce high quality forgings that not only meet 
exacting mechanical property specifications, but 
often exceed them. 


For the best possible forgings, produced to meet or 
exceed actual strength requirements, think first of 
Kaiser Aluminum forgings. 


For complete information, contact any Kaiser Alu- 
- minum sales office listed in your telephone directory. 
- Kaiser Aluminum & Chemical Sales, Inc., General 
Sales Office, Palmolive Bldg., Chicago 11, Illinois; 

Executive Office, Kaiser Bldg., Oakland 12, California. 


KGiser Alominum — 


1000 P.S.1. IN4D 


TENSILE STRENGTH Jo ELONGATION 


MENASCO 


SPECIMEN 
LOCATION 


m | 
SPEC. TES SPEC. TEST 
M1752 RESULTS 


WH — 


SSSSasasss 
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actual mechanical property specifications. 


Here's how Menasco mechanical property specifica- _ 
tions compare with final test results. Bold figures in — 
chart show test bars where Kaiser Aluminum exceeds 


nsult your local TY listing. — 


| 
* 

a 

‘ inum Forging Meets or Exceeds Menasco Specifications on All 37 Test | 
Kaiser Aluminum Forging 

( 75 = 64.3 | 
15 70 7 3 66.0 
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tensile yield strength 


of Dow magnesium alloys after 100 hours at temperature 


New magnesium alloy holds properties for 100 hours ¢ up ‘to 700°F. 


Dow Magnesium HM21XA-TS8 alloy extends further the 
range of conditions under which light metals can be used 
in aircraft design. Second in the series of sheet alloys 
designed specifically for elevated temperature applications, 
it supplements the excellent characteristics of HK31A alloy. 


HM21XA-TS retains its properties at temperature during 
long periods of time. Even one hundred hours at 700°F. 
results in relatively little change in tensile yield, creep and 


Magnesium lightness is combined with strength at elevated 
temperature in HM21XA-T8, offering new ways to save 
weight or gain increased rigidity in the design of missiles 
and aircraft. This alloy is supplied in the -T8 temper and 
can be formed in this temper without the need for further 
heat treatment after fabricating. Samples of HM21XA-T8 
along with detailed information are available. Contact your 
nearest Dow Sales Office or write to THE DOW CHEMICAL 
company, Midland, Michigan, Department MA  1400F-1. 
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Vital CLARY controls help guided 
missiles “see” where they're gong. 


Helping missiles stay 
on true course is one of the vital jobs of 
Clary automatic controls. 


Six missile projects now use Clary-designed or Clary- 
manufactured controls as standard equipment—the 
Navaho, Corporal, and four other classified projects. 


As Clary controls continue to prove themselves, their 
supreme reliability is becoming better known every day to 
guided-missile designers, and rocket and aircraft engineers. 


When precision and reliability are factors in your plans, please call on ey 
for complete services, including: 


DESIGNING AND TESTING to established 


specifications and envelope drawings. AUTOMATIC | 


PRODUCTION-ENGINEERING of components } CONTROLS 
and complete assemblies covered by ? 
your prototype sketches or drawings. DIVISION 


MANUFACTURING Of = aRY CORPORATION, 
precision components to DEPT. J37, SAN GABRIEL, 
established drawings caLiFoRNIA 
and specifications. 


TYPICAL CLARY 
MANUFACTURED CONTROLS 


Corporal 
servo- 
Navaho actuator 


propellant 
valve 


Corporal 
Jet-engine Gyroscope 
after-burner 
actuator 


MANUFACTURER OF BUSINESS MACHINES, ELECTRONIC DATA-HANDLING EQUIPMENT, AIRCRAFT AND MISSILE COMPONENTS 
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Challenging positions are now open at Phillips 
Petroleum Company for scientists and engineers 
interested in the rapidly expanding field of 
rocket propulsion. The Phillips operated Air 
Force Plant 66 near McGregor, Texas, provides 
complete facilities for designing, testing, and 
manufacturing propellants and rockets. Phillips 
Petroleum Company has developed a whole new 
series of low cost, petroleum-derived propellants 
which are helping to revolutionize the rocket 
industry. There’s a future with Phillips. Confi- 
dential interviews will be arranged for qualified 
applicants. Write for complete information. 


Giant PUSHER rocket made from low cost, 
petroleum-derived materials gives tremen- 
dous thrust for short durations. 


AND ENGINEERS 
EXCEPTIONAL 


IN ROCKET 


DEVELOPMENT 


The M15 JATO loaded on Boeing B-47. The 
first JATO to meet rigid Air Force perform- 
ance tests. (Boeing Airplane Company photo.) 


COMPANY | 


McGregor, Texas 
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TDI MINIATURE TELEMETRIC 
RECEIVING SYSTEMS 


Miniature and mobile, here’s a telemetric receiving system 
designed for a host of military and civilian applications... 
airborne, ground or marine! 

For missile checkout, flight tracking experimental aircraft 
and missiles, the TDI systems are highly effective, even 
under the most severe field service conditions. They operate 
ideally with tape recording, oscillographic, photographic 
and similar types of recording equipment... and this rugged 
equipment can be installed in jeeps, autos and trailers. 

Design-wise, these systems achieve substantial reductions 


in weight, size and power consumption—yet a high degree TDI 12-Channel Receiver. Modular con- 
of accuracy, exceptional stability and simplicity of opera- struction permits wide flexibility of arrange- 
tion are maintained, ment and actual form factor of receiving 


equipment. Packages or combinations in any 
number from one to eighteen units can be 
arranged in various mounting styles. * a 


TDI Type 2701A 4-Channel Receiver. Use 
as flexibly as 12-channel unit—split up in com- 
binations to suit your particular receiving 
requirements. Ideal for flight line checkout. 


“€ Telemetering on wheels! New portable test 
cart enables users to perform wide variety 
of telemeteriag functions in previously inacces- 
sible locations, with greater efficiency and 
accuracy than ever before. 


MOBILE TELEMETRY RECEIVING SYSTEM i i Technical bulletins on miniature receiv- 
ing systems and other TDI products 


available on request. 


TDI'S newest office is now located at 305 Washington Avenue S. E., Albuquerque, New Mexico 
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Where am |? 


- What is my course? 


NEW PROVEN COURSE AND DISTANCE COMPUTING SYSTEM 
SOLVES YOUR NAVIGATION PROBLEM —FICo's ASN-7 


ney 


The flight-tested ASN-7 answers every navigational question the pilot can re 
ask. Self-contained, automatic, this dead reckoning system is revolutionizing ; 
aerial navigation. In operation, the pilot sets in the latitude and longitude of 
his take-off point and of his destination, and the system guides him in — 


regardless of how his course changes, regardless of distance, and without Pe ; ; 

air-ground or ground-air communication. Alternate destinations can be FLIGHT INDICATOR of this system dis- 

inserted and stored. plays ground track, required course, 
heading error, and distance to the 

This FICo system can be installed in any aircraft—from jet fighters to tankers, destination. 


bombers, transports and airliners. And it is in production now! It is smaller 
in size and lighter in weight than any comparable navigation system now 
in existence, and offers extreme accuracy. The ASN-7 features automatic 
variation and can be supplied with polar capabilities, automatic fix correc- 
tion, and automatic drift and ground speed. For additional information, 
write to Airborne Equipment Department, Ford Instrument Co., on your 


letterhead. 
FORD INSTRUMENT CO. 
7: 
DIVISION OF SPERRY RAND CORPORATION aa _ COMPUTER CONTROL feeds wind, 
31-10 Thomson Avenue, Long Island City 1, New York variation, and destination data into 
Beverly Hills, Calif. Dayton, Ohio _ the system. It displays present position, 
ENGINEERS wind speed and direction, variation, 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. and destination coordinates. 
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of 10 airborne research and flight test installations...Seven years of intensive use have 
proved the reliability of the Automax design ... Orders and re-orders from a single cus- 
tomer have totaled as many as 250 units. 

In its ten years, TRAID has designed many specialized cameras, and has had the 
opportunity to represent many others, such as the Automax. Only the best of these— the 
Staple Items—have been added to the TRAID line. 

If your problem cannot be solved by a standard camera, TRAID has the specialized 
experience to modify or design the equipment you require. TRAID’s production facilities 
range from its own efficient prototype shop for small production to the mammoth facilities 
of Bell and Howell’s Military Products Division. 

Whether designed or represented by TRAID— the TRAID name has become the 
“Trade Mark” for the best in photo instrumentation. 

Ejection Cameras, Tracking Cameras, Scope Cameras, Synchronous Cameras, Lenses, Timing 
Systems, Event Timers, Tracking Finders, Auto-exposure Controls; and all the accessories to 
apply the camera to the task. 


Write for the complete TRAID Catalog 


AUTOMAX 35 mm Ciné-interval Data Recording 
describing all TRAID cameras and 


Camera—Single frame operation to 10fps; Instant 
change to Ciné operation at 16 fps; Acceleration photographic instruments. Fully 

to 15 g's; Altitude 80,000 ft.; Temperatures from detailed and illustrated technical 
+150° F. to —70° F.; Vibration of 0 to 58 data and prices. 

cycles; Power variation from 16 to 30 V DC; , 
4V2" x 4Y2" x 8%” (without magazine). Models Traid Corporation 
for single or double frame format—Scope record- a iY 

ing, minimum space, and auxiliary data recording. 3 , 17136 Ventura Boulevard, Encino, California 


3 
The Automax 35 mm Ciné-In ecordir ipment 
| 
& 
| 
4 
i j 5 
Eastern Distributor: Flight Research, Inc., Richmond, Va. 
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: Most people watching a salmon swim upstream 
wonder how he does it. Seems like a lot of exertion 
to. move from one wet spot to another. To the 
salmon, though, the compulsive drive upstream 
cannot be denied. 
: The titanium industry also has been fighting up- 
_-—s‘ $tream these past five years. A succession of pro- 
: duction rapids and metallurgical waterfalls have 
7 been surmounted. The dangerous hydrogen whirl- 
~< pool was successfully skirted. The industry has now 
moved through the less white headwaters to fully 
Vs competitive equality with other structural metals. 


Titanium alloys of high strength, light weight 


. FIRST IN Titanium 


0 OF 


and outstanding corrosion resistance are available 
from T.M.C.A. in all mill forms and in a full 
range of sizes and gages — sheet, bar, billet, extru- 
sions, tubing and wire. Special heat-treated sheet 
of very close gage and flatness tolerances is in 
production for advanced aircraft and missiles. 


Further expansions of sponge production and 
metal finishing facilities at T.M.C.A. are bringing : 
titanium within reach of an ever-expanding market. “*~ 
Technical information and specialized engineering 
services are available for solving those applications —__ 
having a strength, weight or corrosion challenge. — 7" 


TITANIUM METALS CORPORATION OF AMERICA, 233 pnesiiaten. New York 7, N.Y. 
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NAME: 
Douglas Aircraft Company, Inc. 
POSITION: 
World’s largest manufacturer of 
aircraft and missile systems. 
LOCATIONS: 
Santa Monica, California 
Naval Air Missiles Test Center 
Point Mugu, California 
Edwards Air Force Base, California 
White Sands Proving Grounds 
Las Cruces, New Mexico 
Air Force Missiles Testing Center 
Patrick Air Force Base 
Cocoa, Florida 
Holloman Air Development Center 
Alamogordo, New Mexico 
AGE: 
15 years in missiles; 37 in aircraft. 
EDUCATION: 
An engineering company managed 
by engineers—such as Donald W. 
Douglas, B.S., Aeronautical Engi- 
neering (M.I.T.); F.W. Conant,B.S., 
Civil Engineering (Cornell); and 
A. E. Raymond, B.S., Mechanical 
Engineering (Harvard) , M.S., Aero- 
nautical Engineering (M.I.T.), and 
Ph.D. (Hon.) (Polytechnic Institute 
of Brooklyn)—and with key staff 
positions held by graduate engineers, 
physicists and mathematicians, 
many with advanced degrees. 


EXPERIENCE: 

Pioneers in missile research devel- 
opment and production since 1941. 
Major contractors for air-to-surface, 
surface-to-surface, air-to-air and sur- 
face-to-air missile systems. 
Designers of auxiliary equipment to 
transport and launch guided missiles. 
Establishment of a completely 
separate missiles division in 1956. 
Now responsibile for nine separate 
missile projects — including such 
“veterans” as Nike I (1945 to pres- 
ent) and Sparrow (1947 to present). 
Extensive flight test experience at 
proving grounds across the country 
where Douglasengineers areassigned. 
Missiles experience supplemented by 
37 years in airframe design, develop- 
ment and manufacture. 
REFERENCES: 

The U.S. Army, Navy and Air Force. 
Thousands of manufacturers of com- 
ponents for missile systems. 

Some 1600 Douglas employees 
now engaged in missile work. 


nie GO FUR 


THER WITH 


MISSILES ENGINEERS... 
Let’s exchange resumes 


SPARROW I, the Navy’s supersonic 
air-to-air guided missile, intercepts tar- 
gets even under evasive action. 


SERVO AMPLIFIERS used with a 
four-way electrohydraulic valve being 
tested by Douglas electronic engineer. 


AVIATION 


i 


POSITION: 


ADDRESS: 


AGE: 


EDUCATION: 


EXPERIENCE: 


REFERENCES: 


FILL IN THE ABOVE INFORMATION 
TEAR OUT THIS RESUME AND SEND TO 
C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY 
BOX J-620 

SANTA MONICA, CALIFORNIA 
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what's 


If it has to do with ballistic 
missiles, you know you’re an ME 
who’s both wanted and needed. 
But the big question: Where will 
you be happiest? We’re convinced 
P the answer is Firestone, where 
a ideas are king, and where 

a creative climate encourages 
idea development. 


At Firestone, men with leadership 
on their minds have pioneered in 

- research, development and 
manufacture for 57 years. Currently, 
they’re carrying forward the vital 
“Corporal” program for the Army. 
Perhaps more exciting, our 

facilities in both Los Angeles and 
Monterey are blazing new trails 
toward history-making goals. 


Right now, we need more ME’s with 
minds headed in these directions: 


Structures Airframe 
Dynamics 

Stress Analysis 
Materials & Process 
Hydraulics 
Propulsion System Design 

A man at Firestone has a mind 


to discuss a happy future for you. 
Write him for a meeting of the minds. 


Firestone 


GUIDED MISSILE DIVISION 
RESEARCH*® DEVELOPMENT* MANUFACTURE 


Find your Future at Firestone’’— Los Angeles Monterey 


WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES 54, CALIF. hrough 
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Major and vital components for jet engines 


produced by Fairchild Engine Division—in mass quantity, to highest precision standards 


Ihrough skill, experience and production ef- proved dependable production performance in 
iency, Fairchild Engine Division manufac- mass quantity to highest precision standards. aS 


res such precision parts as turbine wheels, Now in Fairchild’s new plant at Deer Park, = ‘Al Rak f LD 


ames, diaphragms and turbine buckets for the Long Island, this production capability is in- 

engines of some of America’s most powerful creased even more, and will be put to work ‘"°'™S DEER PARE 
ghters and bombers. Subcontracting manyother wherever necessary to serve today’s ever ex- 
arts as well, Fairchild Engine Division has panding aviation industry. ..- WHERE THE FUTURE IS MEASURED IN LIGHT-YEAR: 


A Division of Fairchild Engine and Airplane Corporation 
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COMMUNICATIONS 


at 


Communications aptivisies at ‘The 
Corporation include research, development, and 
manufacture of advanced types of radio communica- 
tion systems, ground-reference navigation systems, 
and electronic countermeasure systems. Major 
programs are in progress in each of these fields. 


New and unusual techniques have been employed to 
provide systems having a high order of security in the 
transmission of information, broad flexibility in 
combating unfavorable signal propagation conditions, 
and substantially greater information capacity 

per operating channel. 


Some of the techniques used have made possible an 
increased range for given levels of transmitter power 
and reliability of communications. Others have 
provided specific advantages in very long distance 
communications or in operational situations requiring 
unique signaling capabilities. Developments in 
navigation systems have resulted in new equipment 
that is suitable for the guidance of aircraft at long 
ranges from their bases. 


In the work currently under way, some systems are 

in the laboratory development stage, some in the 

flight test stage, some are in production. Several 

types of systems developed and manufactured by 
Ramo-Wooldridge are in extensive operational use. 


Openings exist | systems study and analysis 
for engineers Airborne transmitters 
and scientists Transistorized video and pulse circuitry ; 


AL ASSEMBLY 
in these fields of Airborne receivers : 
communications | Reconnaisance systems 
activities: Digital communications systems . 


eee 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA 
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The essential feature of a sounding rocket is its ability 
to carry scientific instruments into the upper atmosphere. 
Because of this, such things as solar radiation, radio fre- 
quency waves, the ionosphere, the earth’s magnetic field, 
the composition of the atmosphere, the aurora, cosmic 
rays, micrometeorites, cosmic dust, atmospheric struc- 
ture, winds, and airglow can be studied from a vantage 
point above the atmosphere. Because of the absorbing 
and obscuring effect of the atmosphere many of these 
observations can be made only from rockets. There are 
needs for rockets to carry instruments to peak altitudes 
ranging from 20 to over 200 miles. Payload requirements 
vary from less than 25 to more than 200 lb depending on 
the complexity and nature of the experiment to be per- 
formed. Operational simplicity, attitude controllability, 
cleanness, moderate accelerations, recoverability, and 
reasonable costs are all desirable features for a high alti- 
tude sounding vehicle. Rockets currently in use for upper 
air explorations are: Aerobee, Deacon, Cajun, ASP, Nike- 
Deacon, Nike-Cajun, Rockoon, Veronique, and Monica. 
4 number of others are under development. 


Introduction 

UR age has found many uses for rockets, one of which 

is to explore the outer reaches of the atmosphere. 
Soaring to altitudes far above those reached by other means, 
the rocket approaches and someday will enter the realms 
of outer space. Rocket-borne equipment can be put in direct 
contact with the upper atmosphere, the ionosphere, sas 
cosmic or auroral particles, and incoming micrometeorites 
and can look directly at radiation from the sun and outer 
space without interference by the air. In fact, there are 
many observations which at present can be made only from 
rockets. Some of these are: 


Ultraviolet light; x-rays from the sun, stars, and outer space 

Radio frequency waves from the sun, stars, and outer space 
in the wavelengths cut off by the ionosphere 

Ionospheric currents 

Earth’s magnetic field at high altitude 

Chemical and ion composition of upper atmosphere 

Auroral particles 

Low energy cosmic rays 

Micrometeorites 

Dust in space 


Also, there are many quantities that can be measured 
both in rockets and from the ground., Some of these are: 


Atmospheric pressures, temperatures, and densities 


Tonospheric charge densities 
Airglow 


Auroral radiations 


Presented at the ARS 11th Annual Meeting, New York, N. Y., 
Nov. 26-29, 1956. 
: Superintendent, Atmosphere and Astrophysics Division. 
Mem. ARS. . 
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High Sounding Rocket 


NEWELL, 


pt 4 Naval Research Laboratory, Washington, D. C. 


To measure the first group of quantities a rocket vehicle is 
essential. For the second group, the rocket provides a means 
of checking by direct observation the ofttimes very indirect 
measurements made from the ground. With such rocket 
observations it is possible to calibrate the ground based 
techniques, thereby eliminating what have sometimes proved 
to be rather large systematic errors. 

The essential feature of a sounding rocket is its ability to 
carry scientific instruments into the upper atmosphere. 
Nevertheless, other features that a given rocket may possess 

may be extremely important in determining its usefulness, 
and it is tempting to speculate on what properties an ideal 
sounding rocket should have. One soon concludes, how- 
ever, that it would not be practicable to attempt to create a 
single rocket that is ideal = all high altitude research uses. 
Nevertheless, a list of some of the important features one 
would demand in such an ideal rocket can be of use in evalu- 
ating the potentialities of a specific rocket for high altitude 
sounding. The purpose of this paper is to present a partial 
review of such features. 


Altitude Performance 


At the present time there is an interest in performing ex- 
vadnaaie a“ altitudes ranging from 20 miles to over 200 
miles. The field of upper air rocket research currently 
extends throughout this entire range, from the bottom 
where meteorologists are interested in determining atmos- 
pheric structure and winds, and in monitoring the sun’s 
radiation in the near ultraviolet wavelengths, to the top 
where ionosphericists are especially interested in studying the 
upper reaches of the ionosphere, and cosmic physicists desire 
an unobstructed look into outer space. 

To meet all of these needs calls for a variety of rockets. 
It would generally be uneconomical and unreasonable to 
attempt to perform the low altitude experiments in superper- 
formance rockets, and of course it would be impossible to do 
the extreme altitude work in low altitude rockets. More- 
over, since a vertically launched rocket spends a consider- 
able portion of its flight time in the vicinity of its peak alti- 
tude, it is often highly desirable to have the peak of flight 
come just above the principal region of study. 


Payload Capacity 


In the past ten years, the United States has acquired a 
wealth of experience in instrumenting high altitude research 
rockets. Asa result, the 150-lb nominal payload of the Aero- 
bee is adequate for quite elaborate experiments. Few rocket 
experiments now require more than 200 lb, and in most cases 
100 lb totalis regarded asample. In fact, a surprising amount 
can be done with the 25- to 50-lb loads carried by some of the 
smaller rockets like the Deacon. Finally, use in the future 
of transistors, magnetic cores, and special power supplies 
promises further substantial reductions in research rocket 
payload requirements. 


261 


Editor-in-Chief 
4 
¢ 
i 
| 
j 


has shown that too large a payload capacity can have a bad 
effect. In such a case, the tendency is to use the entire capac- 
ity by including a variety of experiments. This often results 
in the different experiments interfering with and compromising 
each other to some extent. Also, the increased complexity of 
a multiple installation increases the chance of complete or 
partial failure. The most effective arrangement is to devote 
a given rocket to a single experimental objective. ace 


Operational Simplicity ar 


When the U. S. rocket upper air research program began 
ten years ago, the liquid propellant rocket held out the great- 
est promise for developing a high altitude sounding vehicle. 
Hence the Viking and Aerobee developments were undertaken. 
The liquid rocket, however, even at its simplest, is a compli- 
cated gadget. Both the Viking and the Aerobee require 
special launching facilities plus something like the White 
Sands complex for their most effective use, and this greatly 
restricts the amount of traveling one can do with these 
rockets. Although both the Viking and the Aerobee have 
been fired at sea, the operations were complex, difficult, and 
costly. Setting up for Aerobee firings at Fort Churchill, for 
the International Geophysical Year, has cost many millions 
of doliars, and has been a very complicated operation. 
Hence, one cannot plan on using such rockets for any great 
geographic extension of upper air sounding activities. 

The only real hope for extending the geographic coverage 
of the rocket sounding program lies in the use of rockets that 
are operationally so simple that they can be set up and fired 
at remote locations with reasonable costs and reasonable 
engineering, logistic, and operational support. At the present 
time, only the solid propellant rockets offer real promise of 
filling this need. Already the solid propellant Deacon 
launched from Skyhook balloons has made it possible to carry 


Experience in the early days of upper atmosphere sounding 


Cleanness 

Just as a general principle the sounding rocket should not 
contaminate the atmosphere around it. Any gases entering 
the atmosphere from the rocket surface, instrument compart- 
ment, or motor may well interfere with or even vitiate 
the intended observations. Thisis especially true in the case 
of measurements of conditions in the vicinity of the rocket, 
such as local pressures, densities, composition, and ionization. 
In the case of observations over along path outward from the 
rocket, as with the measurement of solar radiations, incoming 
cosmic or auroral particles, or total ozone between the rocket 
and the sun, the effect is probably usually negligible. 

Although one cannot completely eliminate outgassing 
from the sounding rocket into the outer atmosphere, it is 
still well worth the effort to minimize the effect by such things 
as O-ring sealing of the instrument compartments and the pro- 
pellant tanks, sealing off the motor after burnout in the case 
of liquid propellant vehicles, and eliminating gassy coatings 
on the rocket surface, even to the extent of leaving the the rocket 
unpainted in special cases, 


Moderate Accelerations 


Low or moderate accelerations, that is, less than 10 g or so, 
are certainly desirable, since they impose no especially diffi- 
cult mechanical design problems. One is, however, not 
restricted to such accelerations. It is certainly possible, with 
adequate care and thought, to design for much higher acceler- 
ations, and this has been done quite successfully for such 
vehicles as the Deacon and the Cajun in which the accelera- 
tions go as high as 75 g. One could even accept higher 
accelerations than those of the Deacon and Cajun, but ne 
one would like this. Doubtless, when all other things are 
equal, of two rockets, the one having lower acceleration would 
usually be chosen. 


out numerous upper air experiments in the arctic andin the 


Pacific. Such mobility should also be possible with Nike- 
booster launched Deacons or Cajuns. And in the not-too- 
distant future one may have solid propellant vehicles, com- 

parable in altitude and payload capabilities to the Aerobee- 
Hi, that can be carried to remote locations for special s studies. 


Guidance and Control 


As a general rule, the only guidance that a hia altitude 


sounding rocket requires is that needed to project it in an 
essentially vertical trajectory and to land it somewhere 
within a rather extensive firing range. The latter is an 
obvious safety requirement, and is also a means of facilitating 
recovery of equipment or specimens from the fallen rocket. 

Accurate attitude control, on the other hand, is often highly 
desirable. For many experiments it is important to maintain 
the axis of the rocket within a certain angle of a special direc- 
tion in space, as the direction from the rocket to the sun, for 
example. In other cases, it may be important to generate a 
certain angle of attack or to give the rocket a prescribed spin 
rate, as in certain aerodynamic and atmospheric structure 
measurements. Thus the ability to control a sounding rocket 
in roll, pitch, and yaw can be a valuable asset. 

The potential value to some experiments of being able to 
control the attitude of a rocket does not, however, necessarily 
mean that such control should be built intoall sounding rockets. 
Such a procedure is expensive and necessarily uses up some of 
the payload capacity of the rocket. If the control feature is 
built in, then this payload penalty is imposed on all experi- 
ments for which the rocket is used, whether they require the 
control or not. One should consider the advisability of build- 
ing the control feature into the experimental equipment 
itself, as in the case of a sunfollower mounting for a solar 
spectrograph, at the same time minimizing erratic behavior of 
the vehicle by careful alignment of the motor, fins, etc. 


Recoverability 


- The high altitude sounding rocket is really only one com- 
ponent in a complete system designed to obtain scientific 
information from the region of the upper atmosphere. Much 
of this information can be telemetered by radio means, but 
some of it is best obtained through the use of photographic 
films and the exposure of specimens. The latter approach 
requires the recovery of the film or specimen after the rocket 
flight. Forsuch experiments a rocket which can be recovered 
either in toto or in part is needed. A rocket which could be 
recovered in condition to be reused would permit a sont 
welcome saving in costs. 


The cost of a sounding rocket is an important item to con- 
sider. A large and complex rocket like the Viking is so expen- 
sive that its use is limited to agencies like the Department of 
Defense, and even in this case it has been found too expensive 
for further use in normal upper atmosphere sounding. The 
Aerobee, including booster, propellants, servicing and launch- 
ing charges, and recovery parachutes, costs between $30,000 
and $40,000 per rocket, which is something like an order of 
magnitude less than the Viking. Thus, for the cost of one 
Viking a large number of Aerobee firings can be made, per- 
mitting either the repetition of a single experiment on many 
separate flights, or the separate performance of a number of 
different experiments, as desired. ’ 

Even the Aerobee cost, however, is too great for most pri- 
vate institutions, and a serious effort should be made to bring 
prices down. It is hoped that the Iris rocket, the solid pro- 
pellant counterpart of the Aerobee now under development, 
will be considerably less expensive than the Aerobee. This, 


(Continued on page 288) 
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JOHN W. TOWNSEND, JR.’ 


Aerobee-Hi rocket mounted on trailer 


The Aerobee rocket has been extensively used in the past 
as a vehicle for upper air research. Newer versions of this 
rocket, especially designed for this type of experimenta- 
tion will be used in the forthcoming International Geo- 
physical Year program. One model, designated as the Air 
Force Aerobee-Hi, will be capable of carrying a 150-lb pay- 
load to approximately 150 miles. The other model, desig- 
nated the Navy Aerobee-Hi, will carry a 150-lb payload to 
approximately 170 miles. Both rockets are described in 
detail. 


Introduction 


HE standard Aerobee rocket designed and developed by 

the Applied Physics Laboratory of The Johns Hopkins 
University, and Aerojet-General Corp., under Navy sponsor- 
ship, has been extensively used by almost all agencies par- 
ticipating in upper air research with rockets. Aerobee, in 
over 200 flights, has proved itself a simple, reliable, and 
relatively inexpensive rocket, capable of carrying a 150-lb 
payload into the E-region of the ionosphere (70 miles). 

The rocket itself has been well described in the literature. 
It is a fin-stabilized, liquid propellant rocket using red 
fuming nitric acid as the oxidizer and a mixture of aniline 
and furfuryl alcohol as the fuel. The thrust chamber is 
regeneratively cooled and the tanks are pressurized via a 
regulator with high pressure helium. The vehicle is 15 in. in 
diam and 18 ft long. In order to minimize impact disper- 
sion due to winds, the vehicle is boosted and is launched from 
a tower approximately 150 ft high. Both rocket and booster 
have three fins. 

The original design and development was begun in 1946. 
The program led to the 2600-lb thrust RTV-N-10, RTV-A-1, 
and XASR-SC-2 Aerobee rockets used by the Navy, the Air 
Force, and the Signal Corps, respectively. In 1949 the Air 
Force initiated the design and development of a 4000-Ilb- 
thrust Aerobee rocket. This Aerobee has been used by the 
Air Force, with the designation RTV-A-la, and by the Navy, 
with the designation RTV-N-10a. 

In 1952 the Air Force and the Navy were approached by 
the Aerojet-General Corp. concerning the possibility of develop- 
ing a further improved Acrobee rocket.. Contracts for the 
improved Aerobee, designated Aerobee-Hi by both services, 
were let in 1952 by the Air Force and in 1953 by the Navy. 
In the case of both services, the intent was to develop a rocket 
expressly designed to suit the needs of the upper air physicist 
who uses the rocket as a high altitude observatory. This 

Premnand at the ARS 11th Annual Meeting, New York, N. Y., 


Nov. 26-29, 1956. 
1 Head, Rocket Sonde Branch, Naval Research Laboratory. 
= Geophy sics Research Directorate. 


Marcu 1957 


Hl Program 


ROBERT M. SLAVIN 


Naval Research Laboratory, Washington 25, D. C. ss Air Force Cambridge Research Center, Bedford, Mass. 


implied, then, that the rocket was to be designed with cer- 
tain specific goals in mind and not with the idea of going as 
high as possible above the earth’s surface. 

Although the Navy Aerobee-Hi and the Air Force Aerobee- 
Hi differ in detail, the two services have maintained coordi- 
nated, complementary development programs that have 
common objectives. The results of the research and develop- 
ment on either program have been useful to the other. 

All Aerobees and Aerobee-Hi’s are designed and built by 
Aerojet-General Corp. at Azusa, Calif. 


Air Force Program 


In 1952, the Air Force negotiated a contract with Aerojet- 
General Corp. to improve the performance of the RTV-A-la 
Aerobee. The design aim was to carry 150 lb of pay load to 
altitudes of about 150 miles. 

To reach this aim, two approaches were used, directed at 
improving the mass ratio of the rocket. These were: 

1 The extension of the fuel and oxidizer tanks to include 
32 per cent more propellants. 

2 The fabrication of tanks from the lighte 
stainless steel. 

The result of these changes was an improvement of vehicle 
mass ratio from 3.17 to 4.62. Table 1 presents a comparison 
between the original Aerobee and the current Air Force 
Aerobee-Hi. 

Wind tunnel tests and aerodynamic studies were under- 


r type 410 


Duration of booster 
Specific impulse of sus- 
tainer (sea level) 
Burnout altitude, 120-Ib 
payload 
Burnout velocity, 


193 198 see 


80,000 ft 122,500 ft 


120-Ib 


payload 4,880 fps 6,770 fps 
Summit altitude,' 120-lb 

payload 80 miles 165 miles 
Burnout altitude, 200-lb 

payload 74,000 ft 111,500 ft 
Burnout velocity, 200-lb 

payload 4,300 fps 5,860 fps 
Summit altitude,' 200-lb 

payload 66 miles 122 miles 


1 Launching at the Air Force rocket range in New Mexico. 


Table 1 Specifications for Air Force Aerobee and 
Aerobee-Hi 
Model Model 
AJ10-25 AJ11-6 
Length of vehicle, less ex- , 
tensions 251 in. 
Length of booster 79 in. 
Diameter 15 in. 
Payload volume 6 
Payload weight 120 to 200 1b 120 to 200 lb 
Dry weight 300 Ib 234 Ib 
Oxidizer weight 497 Ib 641 Ib 
Fuel weight 181 Ib 247 Ib 
Helium weight 5 Ib 6 lb 
Thrust of sustainer 4,000 lb 4,100 lb 
Thrust of booster 18,000 Ib 18,000 lb 
Duration of sustainer 34 sec 42 sec 
2.5 sec 2.5 sec 
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flights of the X-8a with elongated tanks (later known as the 
AJ10-34) were carried out by the Navy and Air Force to prove 
the dynamic stability of the new configuration. Difficulties 
were encountered in welding the type 410 stainless steel tanks 
but these were eventually overcome. 

The first flight of the new model occurred in April of 1955 
and was a complete success. An overweight payload of 196 
lb was carried to the predicted altitude of 123 miles. On the 
second and third Air Force rounds, instability during the 
burning period resulted in unsatisfactory performance. The 
use of acid with high NO, content caused thrust chamber 
burnout on these flights. 

Two more flights are scheduled this year to gain further 
performance information on this model. Success on these 
flights will result in the use of this model as one of the Air 
Force research vehicles. 


Tr 


The Navy Aerobee-Hi program was begun with the over- 
all objective of developing a comparatively inexpensive and 
reliable sounding rocket specifically designed to meet the 
needs of the upper air physicist and able to carry a 150-lb 
payload into the F-region of the ionosphere (180 miles). 
The requirement that the rocket meet the needs of the 
experimental groups resulted in a specification that the rocket, 
including thrust chamber, be completely pressure sealed to 
eliminate, to a large degree, the problem of gas escaping from 
the rocket and interfering with the measurement of ambient 
conditions in the upper air at high altitudes. It was decided 
that, if necessary, altitude was to be sacrificed in order to 
accomplish reduction of the rocket-gas problem, increase 
reliability, or make the rocket less complex and easier to 
handle. 

The Air Force, as previously described, had already begun 
the development of the lighter propellant tanks. In order 
to meet the higher altitude requirement for the Navy it was 
decided to increase further the propellant capacity of the 
vehicle, to improve the thrust chamber, and to increase the 
mass ratio by the incorporation of a chemical gas generator 
‘o replace the helium storage tank. In addition, the Navy 
sponsored the complete design change necessary to effect the 
sealing of the rocket to eliminate outgassing. 

Two other programs were carried out in support of the 
main effort. The first of these was the design, but not develop- 
ment, of an attitude control system for the rocket. The 
second was a program of hypersonic wind tunnel tests to 
extend the range of the work done by the Air Force to include 
Mach numbers which the Navy rocket was expected to achieve. 

Several models of the rocket, all known as the Navy Aero- 
bee-Hi, have been flown during the past two years as a result 
of the development effort. In general the results have been 
satisfactory but there have been setbacks in several areas in 
which progress was hoped for. 

The program to increase the propellant capacity of the 
rocket has been completely successful. To insure stability 
of the rocket at high burnout altitudes, new larger fins were 
designed that appear to serve the purpose well. 

The effort made in connection with improving the thrust 
chamber has not been successful to date, although work is 
still in progress. A more efficient and lighter thrust chamber 
was developed and flown, but problems of inner liner failure 
led to dropping the new chamber in current models. As 
a result of the thrust chamber program, however, it was 
found that performance of the thrust chamber was a critical 
_ function of water content in the acid. These data have led 
to a new specification for low water content acid, the use of 
which will improve the performance of any Aerobee model. 

; The development of the chemical pressurization system 
never received a fair test. In two flight tests other failures 


taken to determine stability and wind-weighting factors, and 


in the rocket system prevented evaluation of the solid pro- 
pellant hot gas generator. Unfortunately, due to lack of 
money, and due to lack of time caused by the necessity for 
producing Aerobee-Hi rockets for the forthcoming Inter- 
national Geophysical Year, the development effort has been 
indefinitely suspended and current models of the Navy 
Aerobee-Hi still carry helium pressurization. 

The design and development of the pressure seal — 
has been completely successful. All models of the Navy 
Aerobee-Hi are well sealed by the use of O-rings at all joints 
and at points where breaks in the skin are made for electrical 
plugs, pressurizing lines, ete. The thrust chamber is sealed 
at burnout by the use of two pyrotechnic propellant shutoff 
valves. It has been found that, with proper attention, the 
nose and tail cones can be left overnight, pressurized with 
15 lb per sq in. of helium, without the loss of more than 1 Ib 
per sq in. by the next morning. 

The two supporting programs have been of benefit to the 
over-all effort. An attitude control system has been designed 
that appears to be practicable. Hypersonic tests have been 
run, and aerodynamic coefficients determined over the range 
Mach 3.0 to Mach 6.3. 

To date, seven rockets have been flown in the N 
bee-Hi program: 

(a) A text rocket, Model RTV-N-10b, was flown in 
October 1954. The rocket was a standard RTV-N-10b, with 
more propellant and a different mixture ratio. The flight 
was good and an altitude of 98 miles was achieved. The pro- 
duction version of this rocket, RTV-N-10c, has been flown 
over ten times with excellent results. This Aerobee is now 
the new “standard” Aerobee for the Air Force and Navy. 

(b) Aerobee-Hi, XRV-N-13, was flown twice in 1955. 
This model contained the hot gas pressurization, improved 
thrust chamber, lighter tanks, more propellant, and the new 
tail fins. Both rockets were total failures. The first, NRL- 
37, failed to ignite due to faulty regulator system design. 
The second, NRL-88, suffered a hard start and exploded just 
after leaving the tower. The failure was attributed to a too 
abrupt starting phase complicated by low temperature. 

(ce) Aerobee-Hi, RV-N-13a, was flown three times in 1956. 
This model did not contain the hot gas pressurizing system, 
but did have all the other Aerobee-Hi features including the 
improved and lighter thrust chamber. It contained even 
more propellant than the XRV-N-13. The first rocket, 
NRL-39, did not ignite due to a failure in the range safety 


vavy Aero- 


Table 2 Specifications for Navy Aerobee-Hi Model 
RV-N-13b regan 


Length of vehicle, less extensions 7 vc 283 .4 in. 

Length of booster 78.6 in. 
Diameter 15.0 in. 
Payload volume 


6 ft® 


Payload weight 120 to 200 lb 


Dry weight 269 Ib 
Oxidizer weight 745 Ib 
Fuel weight! 313 Ib 
Helium weight 7 lb 
Thrust of sustainer 4,100 lb 
Thrust of booster 18,000 lb 
Duration of sustainer 50 sec 
Duration of booster 2.5 sec 
Specific impulse of sustainer (sea level ) 198 sec 
Burnout altitude, 120-lb payload 131,000 ft 
Burnout velocity, 120-lb payload 6,650 ft 
Summit altitude,? 120-lb payload 165 miles 
Burnout altitude, 200-Ib payload 118,000 ft 
Burnout velocity, 200-lb payload 5,750 fps 
Summit altitude,? 200-Ib payload 122 miles 
1 23 Ib of fuel remains unused in this model at burnout, 

2 Sea level launch, arctic atmosphere. 
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circuits and the rocket was a total loss. 
reached a peak altitude of 117 miles. 


The second, NRL-42, 
There was a thrust 


chamber inner liner failure at 45 sec which prevented the 


rocket from reaching its predicted altitude of 190 miles. 


The 


third, NRL-46, also burned out early due to thrust chamber 
failure and only reached an altitude of 43 miles. 
(d) Aerobee-Hi, RV-N-13b, has been flown once in 1956. 


This model employs 


the standard 4000-lb-thrust Aerobee 
‘hamber instead of the Aerobee-Hi chamber. 


The single 


flight, NRL-50, was a complete success, reaching a peak of 


164 miles with a 145-lb payload. 


tude record for American-built boosted rockets, 


This rocket set a new alti- 


and also 


demonstrated that high burnout altitudes are feasible with 


fin stabilized rockets. 


The Navy Aerobee-Hi program is not complete at the date 


of this report. 


It is felt that future models of the rocket will 


reach 200 miles with a 120-lb payload and that the final 
nodel, to be used during the IGY, will meet all of the speci- 
ications set for it by the needs of the upper air research 


groups. 
the model RV-N 
principal features. 


Table 2 sets forth the principal specifications for 
v-13b Aerobee-Hi rocket and Table 3 lists its 


Table 3 meeaeaenani features of Navy Aerobee-Hi Model 


RV-N-13b 
Rocket 
section Feature 
Nose 618S-T6 0.049-in. 
aluminum spinning 
O-ringed sea! at tip 
Extensions magnesium 


10-in. ‘amera exten- 


s10n 


15-in. standard exten- 
sion 
on nose recovery para- 
chute system 
body recovery para- 
chute system 
Forward 
skirt magnesium 
Nike regulator with 
overboard dump 
new delayed start ig- 
7 nition system 
completely pressure 
sealed, all trip de- 
= vices go through O- 
rings 
fast acting trip 
Propellant 410 stainless teel 
tanks 


more propellant 


After skirt magnesium 
Tail 
cylinder magnesium 


O-ring sealed 
propellant shutoff 


valves 
bigger aren 


built in notch anten- 
nas 


new attachment rings 


Purpose 
reduce effects of 
aerodynamic 
heating 
pressurization 
save weight 


save weight 

reliability, safety, 
performance, 
cost 

reliability 


pressurization 


reliability 
save weight Re - 


increase altitude 
save weight 


save weight 
pressurization 
pressurization 


save weight 

improve aerody- 
namics 

improve aerody- 
namics 

save weight, 
venience 
more rigid coupl- 
ing with cylindri- 
cal tail 


con- 


Conclusions 


At the present time both the Air Force and the Navy 
programs are nearing the end of the development stage. 
However, models flown after the fall of 1956 will incorporate 
final improvements which are expected to increase perform- 
ance significantly without decreasing reliability. 

The current Air Force rocket, Model AJ-11-6, can carry 
the standard payload of 150 Ib to an altitude of 140 miles above 
sea level assuming a launch at sea level and an arctic atmos- 
phere. For a launching at White Sands Proving Ground, 
New Mexico, the peak altitude is increased by about 15 
miles. The current Navy rocket, Model RV-N-13b, can 
carry the standard payload of 150 lb to an altitude of 147 
miles above sea level under the same conditions. Again, 
launching at WSPG increases the altitude by about 15 miles. 
In both cases, going to a minimum payload of 120 |b will 
increase the altitude by about-17 miles under the arctic 
atmosphere, sea level launch conditions. 

In the case of the current Navy Aerobee-Hi, a simple 
change in the tanks, which will be made on all future models, 
will increase the altitude by over 10 miles. The reason in 
this case is that the current tanks were built before a change- 
over in thrust chambers occurred, and the rocket as now being 
flown carries about 23 Ib of excess fuel. 

The final major change which probably will be made in 
both Aerobee-Hi’s is the incorporation of a ceramic-lined 
thrust chamber to replace the current regeneratively cooled 
chamber. This 5000-lb-thrust unit is now being developed 
by the Aerojet-General Corp. Test pit static firings have 
been made and the unit appears to be ready for test flights 
this winter. A Navy Aerobee-Hi with this chamber is ex- 
pected to reach an altitude of 167 miles with a 150-lb payload 
under arctic sea level launch conditions. The altitude with 
a 120-lb payload is 188 miles. Again, firing at WSPG will 
increase the altitude by about 15 miles. The increase in 
altitude for the Air Force model is similar. 

Both services expect to fire Aerobee-Hi rockets in quantity 
at Fort Churchill, Canada, during the International Geo- 
physical Year, July 1957 to December 1958. The rockets 
will carry experiments designed to study the arctic upper 
atmosphere in detail. Fort Churchill was selected because 
it is an arctic site in the auroral belt and because of good 
transportation. 

Final mention should be made of expected reliability for 
the Aerobee-Hi rocket because of its utmost importance to 
the instrumenting groups involved in rocket research. There 
are, of course, at this date no meaningful statistics which 
reveal what reliability can be expected of Aerobee-Hi, but it 
can be stated that the reliability should be high since the 
rocket is simple and since the design is based on an extension 
of a design which has been tested in about 200 standard Aero- 
bee flights. There have, of course, been failures in these 
firings, but more than three quarters of these failures have 
been on developmental and test flights. 
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by ROBERT H. GODDARD 
A limited number of copies of this “classic” in the 
field of jet propulsion literature is still available 
from the American Rocket Society, 500 Fifth Avenue, 
New York 36, N. Y. 
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The Nike-Cajun all solid propellant sounding rocket is a 
two-stage combination, using the Nike booster as first 
stage and the Cajun as the instrument-carrying second 
stage. When fired at 85 deg launching angle and with a 15- 
sec coast between stages, it has carried 50 lb to 100 miles 
altitude. Successful flights at Wallops Island, White 
Sands, Fort Churchill, and aboard ship have demonstrated 
that it is a simple and reliable sounding vehicle. It will be 
used during the IGY at Fort Churchill and at Guam. 
About 50 Nike-Cajuns will be instrumented to measure 
water-vapor distribution, the earth’s magnetic field, cloud 
structure, pressure, temperature, density, winds, cosmic 
rays, and auroral particles. 


HE V-2 rocket, which for six years was a mainstay in 

upper air research, appears in retrospect to have been a 
mixed blessing. With its 2000-lb payload, it gave an exag- 
gerated ideal of what payload was necessary and desirable in 
a sounding rocket. The trend to smaller rockets started 
early with the development of the Aerobee and the use of the 
Deacon, but one wonders whether the delay was longer than 
necessary in making the transition from the 1-ton payload to 
the 50-lb, or even 10-Ib, level. However that may be, small 
solid propellant rockets are now being embraced as an effective 
means of getting upper air data on a synoptic basis. 

A big step in this direction was the development of the 
Rockoon combination by Van Allen in 1952. From these 
flights it was realized that instrumentation for upper air work 
could be tailored to 50 lb without extreme measures, that such 
instrumentation could easily withstand the 50- to 100-g ac- 
celerations of a fast-burning solid propellant vehicle, and that 
the handling and launching operations could be made simple 
enough to come within the capability of the scientific research 
team itself. 

In certain applications, the Rockoon presents difficulties in 
tracking and impact location because of the time of ascent of 
the balloon and the drift during that time. A booster elimi- 
nates these difficulties and in 1954, after it had been decided 
that the Deacon was just right for a new upper air experiment 
being developed at Michigan for the Air Force, several boosters 
were investigated. It was learned that the Pilotless Aircraft 
Research Division of NACA at Langley Field was using the 
Nike-booster—Deacon-rocket combination for achieving high 
Mach numbers at medium altitudes. Calculations showed 
that with a steep firing angle and a coasting period between 
the two stages, the Nike-Deacon would carry 50 Ib to perhaps 
400,000 ft. Under the sponsorship of the Air Force Cam- 
bridge Research Center, the University of Michigan under- 
took a cooperative effort with NACA to try out a high altitude 
version of the Nike-Deacon. 
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At this point, acknowledgment is made of the debt to the 
Pilotless Aircraft Research Division of NACA, which combined 
the Nike and Deacon in the first place and which for the first 
two high altitude trials provided Deacons and couplings, Nike 
fin designs, and the use of their launching site, firing crew, 
and tracking facilities. NACA also specified the Cajun rocket 
(which is essentially a Deacon with a modern propellant, 
manufactured by the Thiokol Chemical Corp.) and provided 
many hours of consultation on problems of design, heating, 
and stability. At Michigan, the coasting trajectory was pre- 
dicted and the second-stage fins and nose cones for the first 
flights were designed and built. 

Two flights were carried out at the NACA site at Wallops 
Island, Va., in June 1955. The rockets performed success- 
fully, reaching an altitude of approximately 348,000 ft. The 
instrumentation carried was the falling-sphere method for 
density (described below) and radar beacons for tracking. 
Following these firings, the University of Michigan purchased 
and assembled components for 12 Nike-Cajuns. Ten of these 
have been fired so far, all sueccessfully—seven by Michigan, 
one by the New Mexico College of Agriculture and Mechanic 
Arts, and one by the Ballistic Research Laboratories. 

The procurement of these Cajuns has brought out one dis- 
advantage of the vehicle. It cannot be bought in one place, 
but must be purchased as parts and assembled by the user. 
When the user has done this, he will have spent about $4000 
for each rocket, exclusive of the scientific instruments and the 
booster. If the latter is purchased, the cost is $3700 more. 
All of the boosters so far have been the gift of Army Ord- 
nance. 

A suitable criterion for a small sounding rocket might be 
that it can be completely man-handled. On this basis the 
Nike-Cajun is not small. It weighs about 1500 |b at takeoff 
and is 26 ft long. The launcher, which is a modified Nike 
launcher, is power operated and the booster is placed on the 
launcher with a small crane or fork lift. Neither of these 
items, however, implies a major installation; and the re- 
mainder of the equipment and operations are simple enough 
so that the scientific research group can carry them out by 
itself without extensive equipment. The biggest factor in the 
ease of handling is, of course, the solid propellant, which 
eliminates fueling, tanks, pumps, pressure checks, and a num- 
ber of other things which make a trained firing crew necessary 
for launching a liquid rocket. 

Fig. 1 shows Nike-Cajun No. 1, which was launched at 
Wallops Island in July 1956. Starting from the base of the 
booster, the essential mechanical features are: 

1 The booster fins, which are of welded magnesium plate 
and casting construction, hinged together. Because the 
Cajun is considerably lighter than the Nike missile, the 
booster fins are subject to greater aerodynamic loads than 
those on a Nike. Therefore, they are smaller, stronger, and 
more rigid. Four are used instead of three to make up some 
of the loss in area. 

2 The booster itself, which is used without modification. 

3 The coupling, which is a cast magnesium cone with a 
cylindrical section on the forward end. The cylinder plugs 
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Fig. 1 Nike-Cajun No. 1 (fired at Wallops Island on July 6, 1956) 


into the carbon throat of the Cajun, which separates from 
the booster at burnout by differential drag. The coupling 
bolts to the forward end of the booster. 

4 The Cajun fins, which are made from extruded Dural and 
hinged together. These fins are probably the most difficult 
part of the design as they must be light, yet rigid under the 
heating encountered at Mach 6. They are provided with In- 
conel cuffs to prevent heat erosion of the leading edges just 
before burnout. 

5 The Cajun bottle, which consists of a case, propellant 
grain, a threaded nozzle to which the fins are screwed, and a 
threaded head cap to which the instrumentation section is 


screwed. 
| 
s 10-3 / 8" 9" 
16-17 2" TYP. 0D 
1 


| 107" $3.5° —< 
160.5" 
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Fig. 2. Dimensions of Nike-Cajun 


Fig. 2 shows most of the important dimensions. The gross 
takeoff weight is 1550 lb, and the gross weight of the Cajun 
at separation is about 250 lb. Fig. 3 gives the main features 
of the trajectory. A coasting period is essential to get the 
Cajun out of the high drag region before it reaches its peak 
velocity, but once this is allowed for, the peak altitude is not 
critically dependent on the coasting period. Somewhere be- 
tween 10 and 20 sec is about right, but it must not be too long 
as the fins will then ineffectively maintain a stable flight. 

An important development following the successful Nike- 
Deacons of two summers ago was that the various research 
agencies who planned the Aerobee installation at Fort 
Churchill expanded the plan to include the new rocket. A 
fully equipped launching site for Nike-Cajuns has been con- 
structed at Churchill. A request to Army Ordnance for 65 
boosters was granted. Forty-two of these will be fired at 
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Fig.3 Trajectory 


Churchill during the International Geophysical Year, thus 
more than doubling the number of firings originally planned. 
The remainder will be fired from shippoard, at White Sands 
and at Guam. 

The Ballistic Research Laboratories intend to fire ten 
Nike-Cajuns at Churchill and two at White Sands. In four 
of these rockets, the instrumentation will measure the quan- 
titative and qualitative aspects of water-vapor distribition 
from 30 to 80 km. In three, a high precision total-field mag- 
netometer will be flown to measure the jump in the magnetic 
field expected when the rocket passes through a current sheet 
predicted to flow in the E-region of the ionosphere. In these 
seven rockets, a determination of electron density distribution 
will be made for the E-region. The remaining five rockets will 
be instrimented to photograph the optical horizon, and so 
study arctic cloud structure and atmospheric striations which 
have been observed on earlier balloon flights in the southwest. 

The question of whether or not there are substantial 
amounts of water vapor above 30 km is quite important for 
an understanding of atmospheric mixing and composition 
above the tropopause. The tropopause, with its low tem- 
peratures, should act as a barrier in the transport of tropo- 
spheric water vapor to higher altitudes. There are, however, 
indications of water vapor at high altitudes, such as noctilu- 
cent clouds and night-sky OH-bands, which emphasize a 
need for direct measurements. 

Part of the variation in the geomagnetic field at the earth’s 
surface has been explained in terms of a current sheet flowing 
in the E-region of the ionosphere. During magnetic storms, 
very high current densities are predicted for the E-layer at the 
lower boundary of the auroral zone. The BRL rockets with 
magnetometers will be fired into the E-layer during magnetic 
storms to measure the jump in magnetic field as the current 
sheet is traversed. This experiment, together with a deter- 
mination of equivalent electron density, will give a measure 
of the flow rate of electrons in the E-layer. On August 9, 
1956, BRL flew a Nike-Cajun at White Sands containing in- 
strumentation for measuring rocket performance and trajec- 
tory. This rocket, carrying a payload of 60 lb, achieved a 
peak altitude of 100+ miles. Fig. 4 shows the layout of the 
instruments; all worked successfully throughout the flight. 
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Fig. 4 Instrumentation layout of BRL flight of Aug. 9, 1956 
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Another planned feature of the vehicle will be the con- 
nA trolled introduction of spin of about 100 rpm by the use of 
tae tabs on the trailing edges of the Cajun fins. This problem 


alee Be Lit ai : has not been fully explored at this time, but is required by the 

Two groups at the University of Michigan, both under the 

Leo : is Leos. sponsorship of Air Force Cambridge Research Center, will use 


the Nike-Cajun during the IGY for the measurement of 
upper air pressure, density, and temperature. Twelve rockets 
will be instrumented with Alphatron pressure gages mounted 


ALTITUDE (km) 
TIME (sec) 


Fig. 5 Schematic in the nose cone. The Alphatron is an ionization gage which 
he of grenade uses a radioactive rather than a thermal ionizing element. 
cis experiment From the pressures measured at two points on the side of the 
ras cone, and impact pressure measured at the tip of the cone, 


both ambient pressure and Mach number of the missile may 
be calculated. Missile velocity is obtained from ground 
tracking and this, together with Mach number, permits the 
calculation of ambient temperature. The temperature can 
ae Tie, also be calculated from the ambient pressure, thus giving a 


ee cee. check on the Mach number method. 
Sars ro alt This experiment was flown in a Nike-Cajun at White Sands 
L | ac” re hak iy in August 1956 and at Churchill in November. The instru- 
err mentation, which is seen in Fig. 7, weighs 90 Ib and is serviced 
very readily by removing either one of two hinge pins, which 

OGIVE NOSE CONE run the length of the cylindrical section. 

a \ A second Michigan experiment measures upper air density 
- — GRENADE LAUNCHING — by measuring the drag acceleration of a falling sphere. This 
a TUBES / is the experiment for which the Nike-Deacon and Nike-Cajun 


were originally developed as sounding rockets. It has been 
flown successfully twice at Wallops Island and five times 
during November aboard the U.S.8. Rushmore on a trip to 


SLOT ANTENNA — 


EXPLOSIVE CHARGES Greenland. Preliminary indications are that the shipboard 

BEACON POWER oe rockets exceeded 100 miles peak altitude. It will be flown 

SUPPLY 7 Hix! = four times at Churchill during the IGY. Fig. 8 illustrates a 

iemenk time-of-flight accelerometer, which measures drag accelera- 

tion by measuring the time it takes for a bobbin to traverse 

the distance from its central caged position to a concentric 


aise cnneeins cavity. The accelerometer is mounted in a 7-in. rigid sphere, 


(Continued on page 280) 


RADAR BEACON 


Fig. 6 Grenade instrumentation designed for Signal Corps 
Nike-Cajun 


The Signal Corps Engineering Laboratories are applying 
the Nike-Cajun combination to the rocket-grenade experi- 
ment for the measurement of atmospheric temperatures and 
winds up to altitudes of 70 miles. The basic experiment, pre- 
viously carried on the Aerobee rocket, is illustrated in Fig. 5. 
The explosive charges are ejected at regular intervals; and, 
by sound ranging from the ground, temperatures and winds 


: ; Fig. in Uni ity of 
in the layers defined by the grenades are determined. 


The Cajun grenade instrumentation, shown in Fig. 6, con- 
sists of ten 4-lb grenades, in two Gatling gun-like structures, 


a jettisoned 15-caliber ogive nose cone, and S-band radar 
beacon, and timer and battery packs. The instrumentation is <7 a 
“oversized,” being 8'/2 in. in diam compared to the Sete ; 
61/2. It is expected that the rocket combination will lift the 
70-in-long 100-lb payload to about 70 miles. Ten of these = = 

rockets will be fired at Guam during the IGY. a. +9 iy 

The Signal Corps is also using the combination to test its a 7 

planned satellite instrumentation for meteorological measure- 
ments. One unique feature of this rocket will be the noncon- 
ducting nose cone required by the fact that magnetic-field 
measurements are planned. The 30-caliber ogive topping a 4 — 


XMITTER 


42-in.-long instrumentation section weighing only 60 Ib, is | 
expected to permit top performance for the Nike-Cajun com- 

bination, i.e., over 100 miles peak altitude. The considerable __ 
aerodynamic heating expected has caused, and will continue ae es 
to cause, difficult mechanical design problems. Present plans we”. 
call for a */s-in. wall of the 91LD phenolic-resin Fiberglas — 
laminate for the ogive and cylinder to act solely as a wind ‘ 


Fig. 8 T 
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Economic considerations, which have been of great im- 
portance in the past, will continue to be the underlying 
philosophy in the design of future sounding rockets. In- 
creased summit altitudes and reliability, ease of servicing, 
and mobility of launch, as well as low unit cost, are used as 
criteria to evolve a group of suitable sounding rockets. 
The Aerobee has potential capability of a 250-mile summit 
altitude with launching mobility and facilitated servicing. 
An advanced vehicle similar to the Aerobee employs four 
thrust chambers in a unique application to extend the 
summit altitude above 300 miles. A vehicle known as the 
Spaerobee simply adds a second stage to the Aerobee to 
give a summit altitude capability of 350 miles with a 40-lb 
payload. Extreme launching flexibility can be achieved 
by firing a sounding rocket from an airplane which has 
zoomed into a vertical attitude. The single-stage Aero- 
sound propels a 40-lb payload to 45 miles, while a two-stage 
Aerosound reaches over 100 miles with the same payload. 
Using presently available solid propellant rockets, staged 
vehicles can be assembled yielding almost any desired per- 
formance. While takeoff gross weight may be relatively 
high, unit costs are strikingly low. 


ERHAPS this discussion should have been entitled 

“Some Considerations of Future Sounding Rocket 
Systems,” for this, in essence, is both the subject of the dis- 
cussion and one of its keynotes: consideration of systems 
rather than the rockets alone. 

It is the task of the rocket manufacturer to provide an 
integrated system for transporting a given payload from the 
launching site to a desired altitude with, perhaps, certain 
technical limitations placed on the manner in which the pay- 
load arrives at the altitude. In addition to the design of a 
vehicle suitable for the task, consideration also must be given 
to the support requirements. The combined effort results 
in what might be called ‘“sounding-rocket-system complex.” 

In all divisions of the military, the economic aspects of the 
research, development, and production efforts are of great 
importance. Of these, it is the research effort which suffers 
most from relatively severe funding limitations. Because 
the use of sounding rockets is restricted, primarily, to the 
research agencies of the military, development of the experi- 
mentation techniques and of the vehicles themselves has 
been impeded, significantly, due to these funding limitations. 

Alleviation of the economic restrictions on sounding rocket 
development can be accomplished, to some extent, by utiliz- 
ing available components and techniques of more liberally 
funded weapons system programs. In the past this has been 
impractical because the vehicle performance required by the 
research scientists in the upper atmosphere field usually 
exceeded the performance obtainable from combat-type 
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Future Sounding Rockets 
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O. J. DEMUTH® 


Aerojet-General Corp., Azusa, Calif. 


weapons systems. This situation today, however, is some- 
what improved since there are numerous systems developed, 
or under development, which can satisfy the performance 
requirements. Although development costs can be reduced 
greatly by utilizing the technological advances incorporated 
in the weapons system programs, high unit costs and econom- 
ics of logistics and handling ef many of these systems pre- 
vent the complete elimination of the funding problem for 
future sounding rockets. 

Despite the economic problems associated with the develop- 
ment of sounding rockets, significant improvements, although 
relatively gradual, have been effected both in vehicle per- 
formance and in handling techniques. Those improvements, 
which have been funded, were accepted with the full realiza- 
tion that in many respects an engineering guess was substi- 
tuted for a more costly analytical and experimental evalua- 
tion. A good example of the progress which has been made 
in sounding rocket development in the past ten years is the 
Aerojet-General Corp. Aerobee. In 1946 the Aerobee burn- 
out velocity of 4500 fps was outstandingly higher than almost 
any other vehicle; yet, today, a burnout velocity of 7200 fps 
for the Aerobee-Hi is approached by several vehicles, and 
even exceeded by some. 

Within the presently conceived ground rules for the Aero- 
bee-type vehicle an approximate upper limit in altitude 
capability can be derived. Consider a single-stage, boosted 
or unboosted rocket with a constant sustainer propellant 
flow rate which is fin stabilized and unguided. Because of 
aerodynamic stability requirements the burnout altitude 
should not exceed approximately 160,000 ft. As the summit 
altitude increases the speeds must increase during the burn- 
ing period below 160,000 ft. The resultant increase in aero- 
dynamic heating places upper limits on the burnout veloc- 
ity and hence the summit altitude. Present indications are 
that limiting summit altitudes for the Aerobee-type vehicle 
are in the range of 250 miles. Developmental efforts could 
yield further gains but economic considerations are restric- 
tive. As will be mentioned, deviations from the ground rules 
hold promise of further improved performance. 

It is also in the logistics of the Aerobee system that further 
significant gains are to be obtained. The immobility of the 
launching sites and the presently practiced servicing pro- 
cedures are satisfactory for a research vehicle in most cases. 
This does not eliminate the desirability of a mobile launching 
system and a more rapid servicing procedure. The substitu- 
tion of a 33,000 or 36,000-Ib thrust booster will permit launch- 
ing from a 70-ft rail with slightly increased impact dispersion. 
A 70-ft launcher can be designed to fold into two 35-ft sections, 
allowing its mobile installation on a truck flatbed. 

A pressurized propellant and helium feed system to load 
the Aerobee promises time-savings and hence cost-savings in 
vehicle servicing. The fuel and oxidizer would be quickly 
and reliably pumped by gas under pressure from the servicing 
tanks to the vehicle’s tanks in much the same way that those 
same propellants subsequently would be pumped from the 
vehicle’s tanks to the thrust chamber during flight. Servic- 
ing times could be reduced to minutes through this procedure. 
It is to be noted that air transportation of this complete 
sounding rocket system is feasible in military cargo airplanes. 

With reference to the philosophies and restrictions men- 
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Fig. 1. High performance sounding rocket 
1. Nose assembly and payload 8. Booster line valve (1 re- 
compartment quired ) 
2. Pressure tank 9. Propellant control valve 
3. Regulator valve ee (4 required ) 
4. Check valve 2a 10. Thrust chamber (4 re- 
5. Oxidizer tank ag ae quired ) 
6. Fuel tank Solid booster 
7. Tailcone assembly 12. Fin assembly 


tioned thus far. an advanced sounding rocket system has 
evolved and is shown in Fig. 1. The criteria for performance 
of this vehicle is a summit altitude in excess of 300 miles with 
a 100-lb payload. Cost of developing and producing the 
vehicle would be minimized by using, to a large extent, 
components which are already in production. Pressure 
regulators, valves, and ceramic-lined thrust chambers from a 
propulsion system in production would be used. An inert- 
gas-pressurized propellant feed system similar to the Aerobee 
system would feed the thrust chamber. These chambers 
would be fired in pairs, four being installed in the vehicle. 
Two units would be fired initially and slowly accelerate the 
rocket through the dense lower atmosphere to avoid aero- 
dynamic heating. At about 60,000 to 80,000-ft altitude the 
third and fourth units are fired, doubling the acceleration. 
Burnout altitude is thus lowered for the given propellant 
weight, effecting a retention of aerodynamic stability until 
burnout. It can be seen that this becomes a deviation from 
the ground rules for the Aerobee mentioned previously. 
Specifically, the criteria of constant propellant flow rate is 
eliminated in order to exceed 250 miles without encountering 
aerodynamic heating problems. Launching mobility and 
servicing facility are effected in the manner already described; 
a 2.0KS-36250 booster is employed as well as pressurized 
propellant servicing. 

The vehicle would be 18 in. in diam and 312 in. long with 
a total weight of 2268 lb including a 100-lb payload. Each 
thrust chamber produces 2600 lb of thrust at sea level using 
inhibited red fuming nitric acid as the oxidizer and aniline 
base fuel. Other propellants also may be considered. The 
use of an 18-in.-diam body does not disqualify the use of the 
White Sands Proving Ground, Holloman Air Development 
Center, or Fort Churchill, Canada, launching towers, since 
their design permits them to be easily adapted to accept the 
larger vehicle. 

Future requirements for experimentation at altitudes well 
above 300 miles cannot be discounted. A scheme for trans- 
porting a 20- to 60-lb payload to an altitude of approximately 
400 miles, which utilizes existing components assembled 
with a minimum of development effort, consists, in essence, 
of a standard Aerobee as a first stage and a short-duration 


CLAMP ASSEMBLY 


450 


> 


Cc 


SUMMIT ALTITUDE — MILES 
a 


250 60 


20 30 40 50 
PAYLOAD WEIGHT — LB 
Fig. 3. Spaerobee sounding rocket, sea level launch—effect of 


payload variation on summit altitude 


solid engine powered second stage. A sketch of the assembled 
configuration known as the Spaerobee is shown in Fig. 2; 
calculated performance, presented as summit altitude as a 
function of payload weight, is shown in Fig. 3. 

The first stage consists of the Aerobee Model AGVL 0114 
and its booster, modified to the extent of removing the nose 
section of the Aerobee. The second stage is formed by add- 
ing a nose cone, a cylindrical extension, and a stabilizing skirt 
to an Aerojet-General 1.8 KS 7800 solid engine. The pay- 
load, ranging from 20 to 60 lb, can be housed in the conical 
nose and cylindrical section. Relatively minor engine 
modifications, such as increasing the exhaust nozzle exit 
area and adapting an igniter suitable for vacuum operation, 
have been incorporated. 

For this configuration, the second stage is attached to the 
first by a mechanism incorporating a V-band clamp. Separa- 
tion is to be accomplished by breaking the clamp by means of 
a charge-driven piston which drives a T-bolt from place, 
thereby opening the V-band. The separation charge, as 
well as the second-stage igniter, is to be energized by the cir- 
cuit for the Aerobee propellant shutoff valve. In this way 
separation and second-stage firing will be initiated simul- 
taneously with Aerobee shutdown by a single electrical 
impulse. 

The sounding rocket as visualized, consisting of a two-stage 
vehicle plus booster, will have the following advantageous 
features: 

1 The vehicle consists, primarily, of a relatively simple 
combination of stock components. Developmentis restricted 
to design of a stage-separation device. 

2 Use of the solid engine second stage maintains storage 
and handling complexity at a level existent for ordinary 
Aerobee sounding rockets. 

3 Satisfactory compromise between aerodynamic heat- 
ing and static stability is attained without a guidance system 
by incorporating a stabilizing-skirt and a short-duration high 
thrust engine for the second stage. The factors effecting 
this satisfactory compromise are: (a) Aerobee burnout occurs 
at altitudes high enough that second-stage aerodynamic heat- 
ing should not be a serious problem. (b) The stabilizing-skirt 
retains its effectiveness at the high Mach numbers reached by 
the second stage (burnout velocity was calculated tobe approx- 
imately 10,500 fps). (c) Because of the short duration of 
powered second-stage flight, burnout will occur at an altitude 
low enough that adequate aerodynamic restoring moments 
will be provided. ' 

When extreme flexibility and mobility of launching site is 
a requirement, an airborne launching platform offers obvious 
advantages. Asystem known as Rockair has been considered 


for several years and holds promise of achieving the near 
ultimate in launching mobility. 
launching airplane 


Basieally, the system is a 
which zooms into a vertical attitude and 
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fires a suitable sounding rocket upwar ie 
The complete system analysis requires that primary con- 


sideration be given to pilot safety. Rocket engine reliability 
then becomes most important. Through this reasoning the 
field of applicable engines is reduced to a few units. 

Adding the considerations of development costs, develop- 
ment time, unit costs, unit availability, engine size and per- 
formance and its ability to withstand rough handling and 
temperature cycling, the 1.8 KS 7800 solid propellant rocket 
mentioned in the previous section appears most satisfactory. 
It is a production unit of moderate cost designed for tactical 
usage which has exhibited, under peripheral test conditions, 
extremely high reliability. The unit is, at this time, ‘“‘safe”’ 
for airborne operation. It is believed that the Douglas Air- 
craft Company has a Rockair system under development, 
which utilizes this solid rocket engine, and is planning its 
launching in the near future. 

To illustrate a typical configuration of this type, and its 
performance, it seems in order at this time to present results 
of Aerojet’s planning concerning a Rockair system. The 
vehicle, which has been designated the Aerosound (Fig. 4) 
was designed to incorporate the 1.8 KS 7800 engine and is 
essentially the same vehicle as was suggested for launching 
from the nose of the Aerobee. The engine supports a pay- 
load at its head end with a minimum of necessary aerodynamic 
fairings. A simple cone-cylinder fairing covers the payload 
and contours smoothly into the motor case. To provide the 
necessary static stability four tail fins have been attached 
instead of the conical skirt of the previous application. The 
fins join into a cylindrical fairing which covers the rocket 
nozzle, 

Nominal performance is with a 40-Ib payload launched at 
0.8 Mach number at 35,000 ft altitude. Under these condi- 
tions a summit altitude of 45 miles would be reached, as 
shown in Fig. 5. The summit altitude increases to 54 miles 
with a 20-lb payload. 

Mounting two 1.8KS-7800 engines in tandem and firing 
them sequentially under the foregoing conditions yields a 
substantial 110-mile summit altitude. Increases in complica- 


Fig. 4. Aerosound sounding rocket—vertical launch at 35,000 ft, 
altitude at Mach 0.8 
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tion and cost for the dual configuration are minor, consider- 
ing that the summit altitude is more than doubled. 

The often varied needs of the scientist result in a variety 
of vehicle requirements. The high altitude sounding rocket, 
for example, can be made up with solid propellant rocket 
units in two ways: First, a high performance system can be 
designed with optimum stage-weight ratios, based upon the 
payload and destination. This is the smallest, most efficient 
configuration, but is also the most costly in time and expen- 
diture if a smal] number of units are to be produced. Second, 
standard production rockets can be assembled and flown with 
lower cost and a high order of reliability due to the long back- 
log of operational experience with these units. This second 
system, although less efficient and consequently much larger, 

‘apable of carrying any reasonable payload to the limits 
of the earth’s atmosphere. 

Solid propellant rockets can be divided into two classes 
with separate applications to the high altitude ballistic prob- 
lem. First are the long-burning-time boosters with relatively 
low impulse-weight ratios. These boosters can be used to 
elevate rockets of the second class, those of higher perform- 
ance, shorter burning time, to altitudes which reduce drag 
and heat transfer effects to acceptable levels. The high 
performance units are available with a fairly broad range of 
total impulse values, and these can be assembled in multiple 
units when it is necessary to carry heavier payloads. 

A sounding rocket system of standard solid propellant units 
can take advantage of the operational facility and logistic 
advantages which have for a long time been associated with 
this type of rocket power plant. In addition, the launching 
equipment can be held to a minimum if the ballistic require- 
ments permit a free-rolling flight. A free-rolling missile 
effectively neutralizes the dispersion due to thrust misalign- 
ments, naturally present when firing several boosters simul- 
taneously. Roll control and effective thrust misalignment 
correction can be otherwise obtained by jet vane control 
devices located in the booster jet streams. The use of such 
booster jet vanes permits operation with a zero-length launcher 
but adds complication and experse to the rocket system. 


An example of a high altitude solid propellant sounding <° 
rocket is illustrated by the configuration shown in Fig. 6. 
This system of rockets can send a free-coasting 6!/:-in.- 
diam 250-Ib payload up to90 miles. The operational schedule 
is as follows: 
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1 Time zero—the boosters are fired, duration 40 sec, 
and result in a 900 fps burnout speed at 15,000 ft altitude rate. 
(Table 1). 

2 Time zero plus '/. sec—the roll boosters are fired, 

’ applying a rolling moment near the center of gravity of the 


configuration which results in approximately 2 eps of roll 


3 Time zero plus 40 sec—-the second-stage units are 
fired carrying the payload to Mach 2 and 22,000 ft (Table 2). 
4 Time zero plus 45 sec—the third stage is fired with 


Table 1 Booster ballistics 


Payload (including fins and attachments) 
2KS-36,250 (second stage) 
Fins (second stage) 


Four 5KS-4500 boosters (first stage) 
Fins (first stage) 


Four 50NS-4500 boosters 
Booster fins and roll boosters 


Total initial weight, boost stage Wo 
Burnout weight, boost stage W4 
Launch at sea level with zero length launcher 


Total initial weight Wao 


Burnout weight W4; 
Wa Wo 


My = 386.40 slug; My = — 


= Vacuum 
* speed 


Time Mass Mass (Vio + Altitude 
M ratio M/Mw — gt) h X 10-3 
sec slugs M/My fps ft 

187 1.0000 856.6 15.098 

40.5 751 0.9750 1010.6 15.561 

41.0 53.345 0.9499 1170.0 16.093 

41.5 51.940 0.9249 1333.3 16. 687 

42.0 50.534 0.8999 1501.4 17.336 

42.5 49.128 0.8748 1675.5 18.044 

43.0 47.723 0.8498 1854.3 18.801 

43.5 46.317 0.8248 2038.5 19.613 

44.0 0.7997 2230.1 20.461 

44.5 43.506 0.7747 2427.8 21.274 

45.0 42. 100 0.7497 2632.1 22.293 


] = —* = 386. : = 262. 


Coef. 
Co 


0. 

0. 

0. 

0. 
0.7865 
0. 

0. 

0.7 

0. 


6@ 
= 


4 


Diam = 38.6 in.; Area = 8.126 ft? 
12426 8434 
= 56.157 slug; M,; = 30 16 
Time Mass Mass (s In Altitude rag Velocity 
t ratio = gt) h X 10-8 V 
sec slugs fps ft fps 
0 386.40 1.000 0 0 0 
4 373.98 57.48 0.115 57.43 
8 361.56 0.9383 105.30 0.446 03 105.05 
12 349.14 (0.9036 191.25 1.006 190.31 
16 336.72 0.8714 1.960 0.3 266.2 
20 324.30 0.8393 354.0 3.152 0.3 348.3 
24 311.88 0.8071 448.0 4.770 0.3 fe 437.1 
28 299.46 0.7750 6.684 03 531.9 
32 287 .04 0.7428 663.1 | 9.077 0.3 633.8 
36 274.62 0.7107 786.0 11.82 7421 
40 262.20 0.6786 920.4 15.098 0.35 856.6 
Table 2. First stage ballistics 
Payload (including fins and attachments) 250 
2KS-36,250 (second stage) 485 
a Fins (second stage) 40 
Four 5KS-4500 boosters (first 908 
a ‘Fins (first stage) 123 


1654 
1758 
1849 
1951 


PROPULSION 


4 = = 
| 
; 
| 
| 
Velocity 
fps 
856.6 
994.9 
1124 
1234 
1349 
1452 
0.7091 


payload separation at burnout altitude of 30,000 ft and Mach 
6 (Table 3). 
5 The payload coasts to 90 miles at zero plus 3.6 min. 


An alternate payload configuration is shown in Table 4 
where the 250 Ib are used for another rocket stage that 
carries 50 lb to a summit of 490 miles. This high perform- 
ance rocket is an Aerojet-General loaded ASP, produced by 
the Cooper Development Corp. 

We have seen from this discussion of criteria and specific 


vehicle systems that increased summit altitudes are but one 
of the several improvements that will constitute the future 
sounding rockets. Economic considerations, as in the past, 
will continue to underlie all other criteria. Mobility and 
servicing ease are receiving, and will continue to receive, 
increased attention. Low cost, highly reliable, easily ser- 
viced, mobile launched vehicles with operating ranges from 
40 to 400 miles and payloads from 20 to 250 lb are considered 
to be the requirements for a desirable family of upper atmos- 
pheric sounding rockets. 


h-peak 
460 miles 


Table Second stage ballistics ' 
Payload (including fins and attachments) 250 Ib 
2KS-36,250 (second stage) 485 
Fins (second stage) 40 ¥ 
Total initial weight Ws 775 
Burnout weight 447 > 
Ms = = 24.098 slug: My = 13.899 slugs” 
Vacuum 
speed 
Mass Mass (Vis + s In Altitude Drag Velocity 
M ratio M/M,; — gt) h X 10-3 Coef. V 
Slugs M/M;; fps ft Cp fps 
45.0 24.098 1.000 1951.0 22.29 0.5276 1951 
45.2 23.078 0.9577 2280.8 22.71 0.4979 2267 
45.4 22.058 0.9153 2626.9 23.20 0.4688 
45 6 21.038 0.8730 2988.6 23.75 0 4403 2935 
45.8 20.018 0.8307 3369.0 24.37 0.4124 3289 
18.998 0.7884 3768.8 25.07 0.3852 3656 
17.979 0.7461 4192.0 25.84 0.3584 4041 
16.959 0.7038 4640.1 26.69 0.3324 4444 
15.939 0.6614 5117.0 27 .62 0.3068 4870 
14.929 «0.6195 5619.6 28 . 64 0.2787 5315 
13.899 0.5768 6168.9 29.76 0.2544 5799 
Table 4 
Payload Trajectory 
Diam = 6'/, in. Supersonic Cp = °/, X 70-185 Mach 
Weight = 250 lb 
Altitude Time Velocity Deceleration Drag 
h X 10-3 t D/M+g¢g Coef 
sec fps fps Mach No. Cp 
47.0 145.04 5.8327 0 2549 
54.7 5187 47.79 5.3450 0.2790 
62.9 4874 34.32 4.9008 0.3029 
71.6 4594 $2.52 3.9190 0.3632 
80.9 4303 32.25 3.5015 0.3924 — 
90.9 3992 32.19 3.5814 0.3866 | 
h-peak t-peak 
477 ,800 ft 214.9 sec 
90.5 miles 3.6 min - 
Alternate payload of 50 lb with third-stage rocket (250 lb total) 
Payload 50 
4KS-8000 (including fins) 200 
Total initial weight 250 
Burnout weight 100 
Altitude Time 7 Velocity Deceleration — Drag 
h X 1073 t x V D/M + Coef. 
Bee Mass fps fps No. | Co 
30 47 7.774 5800 145 5.83 0.2549 
60 51 3.109 12900 145 13.28 0.0910 
180 64 32.9 9.76 0.1232 


3.109 ~ 12000 
t-peak 
20.5 min 
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The ASP, a Single-Stage Solid Propellant 


CHARLES M. ZIMNEY' 


ALS 


Claas ASP is a single-stage solid propellant sounding 
rocket 6'/. in. in diam and 12ftlong. Itis capable of trans- 
porting a 550 cu in. payload weighing 25 lb to an altitude 
of 200,000 ft. When lauched from sea level, burnout ve- 
locities of the order of 5700 fps have been experienced. At 
White Sands Proving Ground, as a staged vehicle employ- 
ing a Nike booster as the first stage, the ASP is capable 
of reaching 850,000 ft. In addition to its capabilities as a 
sounding vehicle, the ASP can also be utilized as an aero- 
dynamic test vehicle either as a single-stage, a multiple- 
stage, or a clustered vehicle. Fifty-one flight tests have 
been made with a perfect reliability record of 100 per cent 
successful firings. 


HE ASP, a single-stage solid propellant rocket, was de- 

signed and built by the Cooper Development Corp., as 
prime contractor under NObs 72000 for the Bureau of Ships. 
Since our program was part of Operation Redwing, no discus- 
sion will be offered relative to the telemetering system, in- 
strumentation, or ground receiving equipment. The Naval 
Radiological Defense Laboratory was the cognizant technical 
agency for the Government. 

The Cooper Development Corp. as prime contractor was 
responsible for the over-all program, including the design of 
the basic vehicle, the external ballistics, the instrumentation, 
the field test program, the acquisition of data, and the final 
data reduction. The development of the propellant was sub- 
contracted to the Grand Central Rocket Co., Redlands, Calif. 
Since the motor also served as part of the rocket airframe, the 
Cooper Development Corp. included as part of its responsibil- 
ity the design, the development, and the fabrication of the 
motor case; Grand Central had the responsibility for the in- 
ternal ballistics, the propellant loading, and the static firing. 


Description of Vehicle 


The configuration of the basic ASP rocket consists of three 
major subassemblies: the ogive, or telemetering head; the 
rocket airframe, or rocket motor case; and the fin and after 
skirt assembly. The ASP’s basic dimensions are shown in Fig. 
1. The ogive is threaded to the forward end of the rocket air- 
frame and the fins are roll pinned to the after skirt which in 
turn is roll pinned to the after end of the rocket airframe. To 
induce roll during burning, the after closure of the fins also 
serves as a spinneron. 
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Fig. 1 The ASP 
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Cooper Development Corp., Monrovia, Calif. 
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7 Fiz. 2. The ASP propulsion unit 


HEAD CLOSURE 


The ASP propulsion unit as shown in Fig. 2 was fabricated 
from two deep-drawn tubular sections, butt welded together. 
Two rings were welded to each half of the case prior to welding 
them together. The forward rings served as attachment 
points for the ogive and motor head closure. The after rings 
provided the attachment for the tail skirt and nozzle. In ad- 
dition, sixteen tabs were welded to the motor case to provide 
lateral stabilization of the fins. The motor was made pres- 
sure tight at the head end by means of an O-ring seal, whereas 
the nozzle utilized a conical seat. The case and closure were 
fabricated from 4130 and heat treated to 180,000 to 200,000 psi 
ultimate tensile strength. The nozzle was made from a 1020 
tubular swaging with a graphite insert at the throat section. 

The propellant is GCRC 201-C, an ammonium perchlorate- 
polysulfide rubber-type propellant similar to JPL 131. The 
motor burns for approximately 6.0 sec, producing an average 
thrust of 5850 lb at sea level at 80 F. The total impulse under 
the same conditions is 31,000 lb seconds. The specific im- 
pulse is approximately 211 and the impulse to motor weight 
ratio is approximately 162. 

The fins consist of a welded tubular chrome moly frame 
covered with a mild steel skin which is riveted to the frame. 
The fins were roll pinned to the after skirt as shown in Fig. 3. 
The frame consists of 1/: in. square steel tubing with a longeron 
running full length at the fin root with four short spars to 
carry the bending loads. The frame is slotted at two points 
along the base to receive the tabs on the airframe for lateral 
stabilization to eliminate flutter. Each fin is fitted to two 
tabs on the skirt assembly. The primary bending and torsion 
loads are transferred to a ring in the skirt assembly by means 
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THERMAL INSULATION BLANKET 
Fig. 4 Instrumentation head 
of these skirt tabs. The two forward tabs on the motor are — 
designed to take only shear, since their primary purpose is to 
stabilize the fin. 

The telemetering head consists of five components: the 
antenna, the insulator, the ogive, the thermal barrier, and the 
telemetering and instrumentation mounting structure as shown 
in Fig.4. Theantenna isa quarter-wave spike antenna which 
was threaded to a 91LD Fiberglas insulator. A conical fairing 
of mild steel was silver brazed to the antenna spike which was 
of heat treated 4130. The 91LD insulator was likewise 
threaded to the ogive. The ogive proper consisted of a mild 
steel spinning to which a diaphragm-type fitting was welded 
at the forward end and a heavy ring welded aft. The after 
ring was externally threaded to make the joint and inter- 
nally machined to hold the telemetering mounting structure. 
The telemetering mounting structure is held in place with a 
tapered Truare ring. The ogive spinning was made by 
rolling flat sheet into a cone, seam welding the joint, and 
spinning the cone after dressing down the weld. To protect 
the instrumentation from the heat resulting from aero- 
dynamic heating, a thermal insulation blanket was cemented 
to the ogive wall. The net volume of this design available 
for instrumentation is approximately 550 cu in. 

The ASP is launched by means of a monorail launcher 
consisting of a channel strongback with a flat bar stock rail. 
The missile is supported by two skids which fit over the rail 
as shown in Fig. 5. The missile is attached to the after shoe 
by means of a brass shear bolt. The missile is attached to the 
forward shoe by a hook, such that a combination of gravi- 
tational and aerodynamic forces remove the shoe from the 
body when clear of the launcher. Zero tipoff is achieved by 
stopping the after shoe and, as the missile slips off the 
after shoe, the forward shoe drops clear of the launcher. The 
forward shoe is relieved to clear the stopper block and facili- 


Performance 


The ASP has been flight tested at the Naval Air Missile 
Test Center, Pt. Mugu, Calif., and the Naval Ordnance 
Missile Test Facility, White Sands Proving Ground, New 
Mex. When fired at initial launch angle of 30 deg, burnout 
velocities of the order of 5350 fps have been obtained with sea 
level firings at Pt. Mugu and of the order of 5700 fps for a 
launching elevation of 4000 ft at White Sands Proving Ground. 
Based on results obtained from flight test data, it has been 
calculated that the summit altitude for a vertical firing from 
sea level would be in excess of 200,000 ft. These data are for 
the basic ASP configuration with a payload of 25 lb. The 
launching weight of these vehicles was 245 lb and the burnout 
weight 95 Ib. 

Four rounds were fired at Pt. Mugu; three at a quadrant 
elevation of 30 deg and one at a quadrant elevation of 75 deg. 
The purpose of these tests was to prove out the system under 
most critical conditions from the standpoint of telemetering 
reception and environment resulting from aerodynamic heat- 
ing. Inclement weather on the coast of California necessi- 
tated continuance of the flight test program at White Sands. 
Five rounds were successfully fired at White Sands. All 
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STOPPER BLOCK 


Fig. 5 Launching 


Fig. 6 ASP ready for launching 


of the rounds were fired at a quadrant elevation of 30 deg 
for ballistic data. One round fired at White Sands was re- 
covered. 

Forty-one missiles were fired at the Pacific Proving Ground 
and to date not a single flight failure has been experienced. 
In addition, thirty rounds were static fired at temperatures 
varying between 30 F and 130 F without experiencing a single 
failure. Therefore, we have had 80 successful firings with a 
100 per cent reliability record. 


The ASP is adaptable to a variety of purposes. As a 
single-stage vehicle, it is capable of summit altitudes of 
200,000 ft with a 25-lb payload and 170,000 ft with a 50-lb 
payload when fired from sea level. When fired from a 4000-ft 
elevation, the comparable summit altitudes are 240,000 ft 
and 200,000 ft, respectively. When used as a Rockoon, ice., 
a balloon-launched rocket, the ASP will reach 640,000 ft with 
25 lb and 500,000 ft with 50 Ib. 

The ASP can also be used as an aerodynamic test vehicle, 
as a single-stage vehicle, as a multiple-stage vehicle, or even a 
clustered vehicle. 

As a two-stage unit, employing a Nike booster similar to 
to the Deacon-Nike or Cajun-Nike, the ASP has an altitude 
capability of 850,000 ft with a 25-lb payload. 

Tactically, the ASP can be used as a high performance air- 
to-air or ground-to-air missile with the addition of guidance. 
Perhaps, some day, the ASP may even be the last stage of a 
satellite vehicle. 


Applications 
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A standard 2.75-in. FFAR (folding fin aircraft rocket) 
rocket nose cone was instrumented to detect cosmic ray 
radiation and to telemeter this information as a qualita- 
tive measurement of flight time and altitude. The in- 
formation was telemetered by a standard radiosonde trans- 
mitter. The 2.75-in. FFAR launched from a Navy F2H2 
Banshee fighter reached an altitude of approximately 
180,000 ft. The cost of this service production rocket prior 
to modification is in the neighborhood of $50. 


OCKAITR asa research tool is too new for a comprehensive 
evaluation of its unique capabilities, limitations, and 
possible uses at this time. On the basis of feasibility tests 
conducted, however, it appears to have promise for conducting 
specialized investigations which are intriguing. Because of its 
inherent limitations it will probably not be used as extensively 
as other high altitude research tools. Nevertheless, its poten- 
tial needs to be explored further. 

The Rockoon system (1)? of combining the Skyhook plastic 
balloon with the inexpensive Deacon rocket to provide a low 
cost vehicle to probe the lower ionosphere inspired S. Fred 
Singer, of the Office of Naval Research, in 1953 to propose an 
extension of the same technique with an aircraft (Fig. 1) re- 
placing the balloon (2). Subsequently, while at the Univer- 
sity of Maryland, his suggestion was revised to a scheme 
which required a minimum of development. It consisted of a 
modest experimental program using production 2.75-in. 
FFAR (folding fin aircraft rocket) rockets, standard 2.75- 
in. aircraft rocket launchers, and the assignment of an 
available Navy aircraft for conducting the tests. Since the 
cost of 2.75-in. rockets was less than $50, the suggestion was 
quite attractive. The only development required was a nose 
cone modification to include a simple Geiger Miiller tube for 
detecting cosmic radiation and a miniaturized radio transmitter 
for telemetering the information to a ground station. 

When the 2.75-in. FFAR was selected for the feasibility 
tests of Rockair, severe limitations were imposed on the in- 
strumentation because of the weight and space restrictions in 
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Fig. 1 Comparison of Rockair and Rockoon altitude capabilities 
with equivalent rocket 


A Presented at the ARS 11th Annual Meeting, New York, N. Y., 
Nov. 26-29, 1956. 

1 Meteorologist, Air Branch, ONR; formerly, Lt. Commander, 
USNR, Rockair Coordinator for ONR. 

2? Commander, USNR, Geophysics Branch, ONR. 


’ Numbers in parentheses indicate References at end of paper. 
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the nose cone. It was desired that the external characteristics, 
the total weight, and the center of gravity of the standard 
service rocket be retained with a minimum of deviation. 
Thus, the sensing, transmitter, and power elements had to 
be light and small. 

The actual modification to the rocket head included machin- 
ing 7/1. in. from the inner wall of the nose cone, cutting the 
nose cone transversely and adding a threaded’ polystyrene °/ 
in. insulator to provide a dipole antenna, and replacing the 
nose tip fuse with an identical configuration of nylon. The 
largest diameter for accommodation of thé instrumentation 
was increased to 2.630 in. The total interior space available 
was approximately 32 cu in. Physical characteristics of the 
standard 2.75-in. FFAR are: approximate length, 48 in.; 
diameter, 2.75 in.; approximate weight of head, 6.5 lb; 
approximate total weight before firing, 18.1 lb (3). 

In order to miniaturize the instrumentation and power 
package an investigation was made of various equipment. 
A Geiger Miiller tube (Victoreen Type 1B86), for obtaining 
cosmic ray data, and a modified Navy radiosonde transmitter 
operating on 403 megacycles were the basic components of the 
instrumentation. In conjunction with an antenna, receiver, 
and a tape recorder for playback and subsequent detailed data 
evaluation, it was concluded that the essential information 
would be available for demonstrating the feasibility of 
Rockair with a fair quantitative assessment of the peak alti- 
tude. 

The principal considerations for the power supply were the 
available space, lifetime of the power pack, and ease of han- 
dling or activating in the field. An Eagle-Picher wet cell #723 
was selected for the “A” supply. It provided a nominal volt- 
age of 8 v in a volume of 1.64 cu in. with a lifetime of 30 min. 
For the “B” supply Eveready dry cells #413 were chosen. 
They supplied 120 v, were small (5.6 cu wy and had a life of 
more than 1 hr. 

The circuitry was designed (Fig. 2) and was ne into 
the nose cone by laboratory personnel of the Physics Depart- 
ment of the University of Maryland. The instrumented 
rocket nose cone appeared practically no different from the 
standard service 2.75-in. FFAR rocket. The most recog- 
nizable change was the °/s-in. elongation of the nose cone. 
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The next phase of the program was testing of the instru- 
mented nose cone. Data were needed regarding the antenna 
pattern, the relation between field strength and distance; 
the nose cone needed to be tested for acceleration, vibration, 
low pressures, and low temperatures. 

Initial tests were conducted to map out the antenna pattern 
hy suspending the test nose cone from an Army helicopter and 
making measurements on the ground while the helicopter 
hovered at various points near the ground station. In order 
to obtain field intensity measurements the same test nose cone 
was suspended from an Army L-19. Army aircraft were pro- 
vided for these tests by the Army Transportation Corps at 
Fort Belvoir, Va. 

After the transmitter characteristics of the rocket instru- 
mentation were determined, and a ‘“‘breadboard mode]”’ built, 
the Naval Ordnance Laboratory at White Oak, Md., made 
acceleration and vibration tests. Low pressure and cold 
temperature tests were next made in a vacuum chamber at 
the University of Maryland. The model was improved to 
correct minor weaknesses noted and the first experimental 
prototype of the instrumented 2.75-in. FFAR was approved 
(Fig. 3). Six units were ordered for the aircraft firing tests. 


Fig.3 Experimental prototype of the instrumented 2.75-in. FFAR 


The Bureau of Aeronautics subsequently established a 
project with Armament Test Division of the Naval Air Test 
Center, Patuxent River, Md., to provide aircraft, determine 
the optimum maneuver for the particular aircraft assigned, 
and fire the rockets. By this time the program had attracted 
additional interest in connection with a fleet requirement for a 
rapid means of determining winds above 100,000 ft in the 
Pacific Proving Grounds. To meet the requirement it was 
considered likely that ‘window’ or “chaff” ejected from a 
Rockair at its peak altitude might provide a suitable means 
for a rapid measurement of the high altitude winds. The 
Naval Research Laboratory was requested to study the 
practicability of using window for this means (4). Based on 
preliminary NRL data it was recognized that the 2.75-in. was 
too small to carry a tracking beacon and sufficient amounts of 
chaff for this use of Rockair. It was therefore decided to in- 
clude a limited number of larger 5-in. HVAR (high velocity 
aircraft rocket) rockets in the test phase. It was too late 
in the program to instrument the 5-in. rockets, but it was 
decided to fire some of them in the Rockair maneuver. 

The test program carried out by the Armament Test Divi- 
sion was broken down into three phases. The first phase was 
simply a series of seven practice flights to determine the 
optimum maneuver for an assigned F2H2 aircraft. The F2H2 
built by McDonnell is called the Banshee. Standard 2.75-in. 
FFAR rockets were then fired singly in the Rockair maneuver 
from the standard Navy Aero 1A tube rocket launcher. Next 
a series of 2.75-in. rocket clusters were fired from the standard 
Aero 6A launcher and, finally, some 5-in. HVAR’s were fired 
singly. 

It should be mentioned that the Aero 6A is a standard pack 
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of seven 2.75-in. rockets which are normally fired simultane- 
ously in a cluster. Since they can be fired individually, the 
utility of Rockair as a research tool is extended for making 
various measurements within the time and area of one air- 
craft flight. 

The maneuver determined as optimum can be described 
simply as a loop begun in level flight at 25,000-ft pressure 
altitude with an indicated airspeed of 320 to 330 knots. The 
vertical climb attitude was reached at 30,000 ft with an in- 
dicated airspeed between 150 and 200 knots. The aircraft 
pulled out of the loop at 34,000 ft with the airspeed reduced 
to between 60 and 80 knots. 

Five instrumented 2.75-in. FFAR rockets were then 
launched off the NAOTS Chincoteague range, August 16, 
and November 4, 1955. Table 1 summarizes the essentials of 
each launch as recorded on the F2H2 instrument panel and 
reported by the Naval Air Test Center (5). 


Table 1 Aircraft launch information 


Altitude True Angle of 
of firing, aircraft aircraft from 
ft MSL speed, knots horizontal, deg 


1. 28,400 89 
2. 28,800 88 
3. 28,000 86 
4. 30,440 87 
5. 29,640 85 


The average firing altitude was about 29,060 ft with an 
aircraft speed of 215 knots true. The angle of aircraft attitude 
was 87 deg. 

The table indicates a reasonable capability of the pilot and 
aircraft for repeating the optimum maneuver. Success was 
achieved on only one firing, the second. On the first firing 
there was a malfunction in the rocket and it did not fire. 
The signal of the third rocket stopped at the time it was 
launched. Radio interference at the ground station prevented 
signal reception from the fourth and fifth rockets fired. 

The completely successful test, however, was quite remark- 
able in its performance. Trajectory data were computed 
(6) and, based on a time-altitude plot, show a reasonably 
accurate peak altitude of 180,000 ft with a total flight time of 
3 min 36 sec (Table 2). For measurements above 100,000 ft 
the trajectory shows that data might be collected for a period 
of 120 to 140 sec (Fig. 4). 


Table Summary of results! 
Se, — Flight in air — Flight in 
Standard High vacuum, 
Cp Cp no drag? 
End of burning 
Vp (fps) 4,063 4,022 3,965 
he ({t) 33,307 33,283 33,380 
Peak altitude 
h (ft) 181,085 158,900 280 , 000 
Time to peak 
t (sec) 96.1 87.6 123.0 
Free fall 
(sec) 120.3 125.2 130.8 
Total time 
tr (sec) 216.4 212.8 253.8 
Flight time 
¢ (min) 3 min 36 sec 3 min 33 see 4 min 14 sec 
1 University of Maryland information (6). 
2 No initial velocity was assumed in flight in vacuum figures. 
The flight in air was computed considering aircraft velocities 
at time of rocket launch. 
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Fig. 4 Time-altitude-velocity curves of 2.75-in. Rockair test 
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Fig. 5 Typical aircraft maneuver with indication of Rockair 
data monitoring by ship or shore station 


Results of the program carried out were concluded as 
satisfactory and the feasibility of Rockair demonstrated at a 
minimum cost. 

Although Rockair appears to have a limited potential it is 
also unique in some of its capabilities for specific research in- 
vestigations. For example, it is feasible to carry fourteen 
instrumented 2.75-in. FFAR rockets on a plane launched from 
an aircraft carrier to an area otherwise inaccessible for ship- 
board or ground rocket launchings (Fig. 5). The telemetering 
would be of such nature that data would be received and 
recorded by the launching aircraft. For research purposes this 
would be stored until the plane returned to its base or ship. 
Among experiments that might be feasible using the 2.75-in. 
FFAR are, of course, cosmic ray experiments similar to those 
used in these feasibility tests. Ozone measurements, solar 
ultraviolet radiation, and, possibly, atmosphere composition 
experiments might be conducted with a rocket of this size. 
Numerous other experiments are primarily a matter of instru- 
mentation, miniaturization, and ingenuity. The 5-in. HVAR, 
although we have no altitude data on this rocket, would lend 
itself to considerably more instrumentation. It is conceivable 
that the Rockair technique might be used to obtain synoptic 
measurements of meteorological parameters, such as pressure, 
temperature, and, if radar tracking were available from ships 
or land bases, wind speeds and directions. 

It should be emphasized that the system developed and 
tested is one of the simplest conceivable forms of an entire 
“family” of Rockairs. Various types of rockets and aircraft 
with different capabilities can be selected for other systems 
where greater payloads and/or higher altitudes are desired. 
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Development of a Rockair system with greater capability is 
being supported by the Bureau of Aeronautics within the 
Navy for meteorological observations. Coordination with the 
Air Force program is effected within the Department of De- 
fense. 
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Rocket and Satellite Exposition 


under the auspices of the 
AMERICAN ROCKET SOCIETY 
in cooperation with the National Capital Section 
April 4-6, 1957 
Sheraton Park Hotel, Washington, D. C. 
(14,000 square feet of exhibit space) 


The Exposition will be a feature of the ARS Spring Meeting. 
The meeting will include eight technical sessions on high speed 
rocket test tracks, space sociology, propulsive systems, and 
astronautics. Address all inquiries on booth space to: 

Barry Freer, Exhibits Manager 4 
Rocket and Satellite Exhibit a 
ARS Spring Meeting 
1300 Constitution Ave 
W ashington, D. C. 
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To carry small payloads to altitudes of interest to the 
upper atmosphere research scientist, the capability of the 
aireraft launched rocket has been investigated. In a pro- 
gram already under way, the Air Force will utilize an 8- 
in. rocket to carry 40 Ib to about 40 miles while retaining 
the mobility allowed by a completely airborne operation. 


RE XHE statement has been made many times that the upper 

atmosphere over New Mexico has been more thoroughly 
explored than that of any other region of the world. It was 
in an attempt to expand the area of exploration that the 
Rockaire program was instituted. The major objectives of 
the program have been that of carrying significant experi- 
ments to altitudes of interest to the scientist with a system 
capable of being used at a wide variety of latitudes and longi- 
tudes. 

To clarify this statement let me say that we feel the phrase 
“significant experiments”’ implies a payload of between 30-40 
lb and that in the matter of “altitudes of interest’’ signifi- 
cant contributions can be made by flights to altitudes of 40 
miles and up. 

The history of upper atmosphere research using rockets as 
vehicles has, in the past ten years, shown a trend toward 
simplification. The early multiple-experiment payloads 
of the V-2 had an “all your eggs in one basket” flavor which 
is a far cry from the one-experiment flights of the Cajun and 
Rockoon. 

Most rockets, however, which could take advantage of this 

simplification to carry small payloads to altitudes of interest 
are sadly deficient when ground launched. The Deacon, 
for example, when ground launched will reach only to balloon 
altitudes. The reason for this is, of course, the extravagant 
consumption of available energy in getting through the 
lower and denser atmosphere. 
Another drawback to ground launching is its lack of mo- 
bility. Fixed installations are generally necessary and even 
when these are relatively simple and inexpensive, range 
safety considerations severely limit the number and loca- 
tion of these installations. To get around these limitations 
on altitude and mobility, the launching of a rocket from a 
high altitude mobile platform is of course an obvious solution. 
One such mobile platform will be a balloon, and this tech- 
nique has been thoroughly explored by the Rockoon flights 
of the past several years. A second approach to the problem 
of getting through the denser atmosphere and retaining mo- 
bility will be the launching of the rocket from an aircraft. 

An early study of this technique was made in 1947 by 
Cook Research Laboratories at the request of Marcus O’Day 
of the Air Force. The conclusion of this study was that air- 
craft of that day did not have the performance capability to 
launch rockets at significant altitudes. At this time the 
| project was also handicapped by the fact that no rockets 
suitable for research had been approved for launch from 
manned aircraft. 

With the coming of age of jet aircraft and the conclusion of 
tests resulting in approval of a rocket of suitable size for 
manned aircraft launching, action was initiated to develop a 
system which we have named “Rockaire.” The Douglas 

Presented at the ARS 11th Annual Meeting, New York, N. Y., 


Nov. 26-29, 1956. 
1 Geophysics Research Directorate. 
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The Air Force Rockaire Program 


ROBERT M. SLAVIN' 


Air Force Cambridge Research Center, Bedford, Mass. 


ROCKAIRE 
LAUNCHIN(¢ 


Fig. 1 Rockaire launching 


Aircraft Co. has been the major contractor in this develop- 
ment. 

In the first phase of this work, launchings are being made 
this month (November 1956) at Holloman Air Development 
Center to prove out the theoretical calculations which have 
been made on the system. As shown in Fig. 1, the rocket, 
using a standard production Jato for a motor, but with special 
airframe components attached, is carried under the wing of 
an F86D fighter aircraft. At 35,000 ft, the F-86 climbs to a 
vertical attitude and launches the rocket, using equipment 
similar to that used in the low altitude bombing system to 
attain the proper attitude. The fighter then continues up 
and over. 

The configuration and performance of the rocket are shown 
in Fig. 2. Fig. 3 indicates the dependence of zenith altitude 
on payload and launch Mach number for a launch altitude of 
35,000 ft. It will be noted that in the region of 40 lb, the slope 
of any one of these curves is approximately 2000 ft of zenith 
altitude per pound of payload. Fig. 4 shows the dependence 
of zenith altitude on launch altitude for several payloads. 
Again note that for 40-lb payload, for example, 1000-ft in- 
creased launch altitude buys about 7000 ft in zenith altitude. 

The second phase of the program will be launching of 
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Fig. 2 Rockaire performance data (DM-16 Motor)—thrust, 

7800 lb; burning time, 2.15 sec (60 F); total thrust, 15,000 Ib- 

sec; propellant weight, 70.3 lb; specific impulse, 210 sec; 
launch weight (including 40-lb payload), 181.4 Ib 
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rockets instrumented for upper atmosphere research, but 
using ground tracking and telemetering. This phase will 
allow a certain amount of mobility to the program. 

It is planned to obtain complete mobility in the third 
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Fig. 3 Maximum altitude vs. payload weight 
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phase of the program in which an instrumented ‘mother 
ship,’ a C131B Convair carrying telemeter and tracking 
devices, will accompany the fighter to the launch point and 
collect data during the rocket flight. Fig. 5 indicates the 
data links which will be required for complete operation. 

Generally, we feel our program is moving well. The sys- 
tem to be used allows for growth after the launchings which 
I have described have been accomplished. It is our intent 
to carry this program to the point where similar payloads can 
be carried by this technique to altitudes in the vicinity of 100 
miles. 
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Fig. 5 Data links required for complete operation 


Nike-Cajun Sounding Rocket 


™ (Continued from page 268) 


_ which is ejected from the rocket at 180,000 ft on the up-leg. 
_ Ambient density is calculated from the drag equation. The 

required velocities are obtained by correcting free-fall veloci- 

ties with the measured drag accelerations. The method re- 

quires telemetering only, which is accomplished with a small 

pulse transmitter radiating at 400 me from a slot mounted in 

the sphere. It is not necessary to track the rocket or to 
- measure or maintain any particular angle of attack. The nose 
~ cone of the experiment is shown in Fig. 9. The sphere can be 
seen in the lower portion. 

In addition to the above experiments, the State University 
of Iowa will fire 16 Nike-Cajuns at Churchill with instrumen- 
tation for measuring cosmic rays and auroral radiations. 
The Naval Research Laboratory will launch 16 Nike-Deacons 
at Point Mugu during the IGY. The NRL rockets will carry 
detectors for measuring x-rays during solar flares. Finally, the 
New Mexico College of Agriculture and Mechanic Arts is 
using the Nike-Cajun in its project of photographing hurri- 
canes on the east coast. 

~The work with solid propellant sounding rockets is just 
starting. Interesting developments with slow burners, truly 
small rockets, and very high altitude rockets will be com- 
pleted soon. In the meantime, the Nike-Cajun will make its 
contribution to the International Geophysical Year as a 
proven, reliable vehicle of moderate performance, moderate 
cost, and simple operation. 


Fig. 9 Sphere Instrumentation used in first Michigan Nike- 
Deacon and Nike-Cajun 
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Terrapin—An Upper Atmosphere Research Vehicle = 


Terrapin is a 220-lb high altitude vehicle consisting of 
two solid propellant rocket motors. Its low weight and 


cest together with ease of handling make it a desirable 
The characteristics 


and 


S. FRED SINGER’ 


University of Maryland, College Park, Md. 


tool for extensive upper air research. 
of the vehicle and of the instrumentation are described 


in this paper. 


Introduction 
URING the initial test firings at Wallops Island, Va., 
in September 1956 the Terrapin two-stage rocket carried 
a 6!/. lb payload to a peak altitude of over 400,000 ft. The 
launch angle was 75 deg; peak velocity, reached at second- 
stage burnout, was 6000 fps. 

Terrapin represents a successful attempt to devise a light- 
weight, low-cost simple-to-assemble-and-launch, high alti- 
tude sounding rocket. It was developed on a modest budget. 
At the same time, a thorough engineering analysis was made 
of its aerodynamics, weight and balance and structural de- 
sign; every effort was concentrated on keeping drag and 
weight at a minimum in order to achieve maximum altitude. 

The instrumentation package for the initial launchings was 
tailored to the vehicle—miniaturized and compactly assem- 
bled to fit within the sharply pointed nose cone. Weighing 
3'/. lb, it measured two temperatures, acceleration, spin rate, 
and cosmic ray intensity. The data was telemetered; no 
recovery system was employed. 

Whereas Terrapin was originally planned around two stand- 
ard solid propellant rocket engines, the T-55 and the Deacon, 
a new booster case was subsequently developed so as to permit 
welding the tail fins to it. This saved several pounds in 
weight. 

The Terrapin sounding rocket was developed under con- 
tract DA 49-170-SC 1775 for upper atmosphere research 
held by the University of Maryland. The Guided Missiles 
Division, Republic Aviation Corp., was one of several com- 
panies invited to submit a proposal, based on a general speci- 
fication for a two-stage design with coast period following 
NACA practice, and which included an altitude capability 
of 400,000 ft with a 6-lb payload. Studies were initiated in 
July 1955. A number of promising configurations were 
investigated before the T-55—Slow Deacon combination was 
selected. Republic Guided Missiles assumed responsibility 
for development and fabrication of the vehicle, including 
nose cone and zero length launcher, while the University of 
Maryland Physics Department undertook the development 
of the instrumentation, including telemetry, its packaging 
within the nose cone, and ground telemetering equipment. 
There was continuous consultation between the two groups 
during this period. 

The Bureau of Ordnance and its Allegany Ballistics Lab- 
oratory facility cooperated in. developing the Terrapin 
booster. Thiokol Chemical Corp. Redstone Division made 
minor modifications to the T-55 motor cases to permit 
attachment of nose cone, tail fin assembly, and coupling. 
Hercules Powder developed the time delay squib which fires 
the second stage rocket at +26 sec. Ss) ae 
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Description 


Terrapin is 177.33 in. long, has a maximum diameter of 
6.25 in. and weighs 224 |b at launching (Fig. 1). A tapered 
coupling joins the first and second stages, reducing down 
from 6.25 at the booster to a diameter of 5.93 in., the OD of 
the T-55 case. The conical nose section has a cone angle of 
11 deg. The four booster tail fins are 45-deg clipped delta 
surfaces machined from aluminum alloy plate. Span is 
26.25. The four second-stage fins are of constant chord, 
swept at 45 deg, and have a span of 19.93 in. They are ma- 
chined from 8740 steel and welded to a cylindrical section which 
fits over and is fastened to the nozzle adaptor. A boat tail 
section covers the booster nozzle, aft of the fins, to reduce 
drag. The first-stage fins are interdigitated at an angle of 
45 deg with respect to the second-stage fins, in order to main- 


CG SECOND STAGE — — 7-55 MOTOR —— SLOW DEACON 
5.93°— r 6.25° 
- 4 - 
—CG COMBINED 
- 67 56 
100 
177.33 (147 FT 


SECOND STAGE 
T-55 MOTOR 


FIRST STAGE TOTAL 
SUSTAINER ASSY 
AND 8LBS PAYLOAD 


SLOW DEACON LAUNCH WT 224L8S 
OEACON BOOSTER 7 BOOSTER B/O !24LBS 
ASSY 1550 LBS 
SECOND STAGE 8/0 35LBS 


Fig. 1 Terrapin—two-stage high altitude research rocket 
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— 
Fig. 2. Terrapin on launcher as 


tain a low downwash influence. Two button-type launching 
lugs, 84 in. apart, are welded to the booster case. 

The coupling joining the two stages consists of male and 
female sections. The former is riveted to the T-55 tail fin 
assembly and fits over the skirt of the nozzle. The latter is 
bolted to the forward end of the booster case. Correct 
orientation of the two stages is established during assembly 
on the launcher. Two pip pins, 180 deg apart, are inserted 
into reamed holes through the joined sections of the coupling. 
They are removed after the rocket is in position and ready to 
fire. 

The welded tubular steel zero-length launcher is built in 
six sections (Fig. 2). It is readily assembled by bolting the 
sections together, and is provided with levels and leveling 
lugs. The launch angle may be varied by increments of 5 
deg from 45 to 90 deg. The two tension members are 
provided with hinged joints which permit pivoting the 
launcher to a horizontal position. The booster is placed in 
position by fitting the two lugs into notched supports. The 
second stage is then coupled to the booster, as previously de- 
scribed. The time-delay squib for firing the second stage 
rocket engine is wired in parallel to the booster igniter. 
The assembled Terrapin is then swung up through the vertical 
to the predetermined launching angle and the hinged joints in 
the tension members are locked with pins. 


Design Criteria 


A detailed discussion of the development of design criteria 
for Terrapin is beyond the scope of this paper. Only a brief, 
generalized one is presented. It is significant to note, how- 
ever, that the predicted performance showed good agree- 
ment with the flight test data obtained by NACA and re- 
viewed in a following section. 

Trajectory calculations indicated that a small increment 
in the vehicle drag coefficient would reduce the maximum 
altitude attainable by a significant number of feet. A con- 
scious effort was therefore made to keep the design clean. 
Supersonic drag coefficients were calculated on the basis of 
nose cone wave drag, body base drag, body skin friction 
drag and fin form drag, using methods verified by wind 
tunnel tests, firing tests, and free flight tests. 

Three trajectories for Terrapin were computed where the 
firing time of the second stage was varied. It was concluded 
that the second stage should not be fired earlier than 26 
sec from ground takeoff, but that an error of +2 sec in timing 
would not penalize the vehicle’s altitude performance. 

Aerodynamic load calculations were developed based on a 
cross wind velocity of 30 fps. Body normal force mila cone 


were obtained from wind tunnel test data of similar con- 
figurations. Fin normal force was based on two-dimen- | 
sional supersonic flow corrected for sweep, tip losses, body 
fin interference, downwash, and aeroelastic deflections. 
Since, at the time the design was under development, the 
payload weight had not been determined, the decrement in 
maximum altitude for several increments in payload weight 


was computed. 
2 


ocket Instrumentation 


Instrumentation used in the initial Terrapin rockets was 
designed to be of a general type and useful for a variety of 
experiments. A supporting instrumentation must always in- 
clude a power supply and a telemetering system, except, of 
course, for experiments in which optical observations are 
made from the ground. Additionally, the initial Terrapin 
rockets carried a Geiger counter, to measure the cosmic ray 
intensity as a function of altitude, as well as several instru- 
mentations for verifying and testing out the performance of 
the rocket. These included an accelerometer, a spin-rate 
meter and temperature gages at two points of the rocket 
instrumentation. Fig. 3 shows a block diagram of the tele- 
metering section. 


The telemetering system used is of the FM/FM type and 
incorporates five channels to transmit the detected data. 
The telemetering system was completely transistorized with 
the exception of the 215 me transmitter which utilized vac- 
uum tubes because of the frequency and power required. 

The transistorized subcarrier oscillators were of the Col- 
pitts type. The outputs of the oscillators were linearly 
added to generate the complex audio signal used to modulate 
the transmitter. Three methods for frequency modulation 
of the subcarrier oscillators were incorporated and provide 
for modulation from either a voltage variation, resistance 
variation, or an inductance variation. The resistance con- 
trol method effectuated a 15 per cent deviation in frequency 
for a resistance change of 0 to 1500 ohm. The resistance 
control method was incorporated with measurements of the 
spin rate and the temperature while the voltage control 
method was used for the cosmic ray channel. 

Although originally the accelerometer was to be of a 
type that provides a variable resistance for modulating the 
subcarriers, the accelerometer actually used was of the 
variable inductance type. This variable inductance was 
applied directly to the oscillator tank circuit to modulate the 
subcarrier oscillator. Since the maximum cosmic ray in- 
tensity anticipated is of the order of 25 counts per sec, a 
scale factor stage was incorporated between the Geiger tube 
and the cosmic ray subcarrier oscillator to reduce the relayed 
counting rate by a factor of 32. By utilizing a d-c output 
from the sealers that alternates between two levels for every 
32 counts received, the intelligence frequency is reduced to 
about 1 cycle per sec maximum. Thus counting rates can be 
recorded on a standard pen recorder at the ground station. 
The scale factor stage consists of five transistorized scale-of- 
two, bi-stable circuits in cascade to provide the required 
scale factor with a d-ce output. 

The complete 5-channel transistorized telemetering section 
(excluding transmitter) operated from —15 v de with a power 
consumption of less than 1 watt. The combined audio signal 
supplied to the modulator was about 10 volts peak-peak. 

On the power supply the philosophy adopted was to pro- 
vide only one battery for the sake of reliability and for the 
sake of rapid change in case of battery failure. The B+ 
supply was produced by means of a transistorized d-¢ con- 
verter. Four types of power were required for the system: 


B+ for transmitter: 240 v de at 55 ma 
B= for transister circuits: —15 v de at 60 ma 
_ A-— for filaments: —12.6 v de at 250 ma 
: High voltage for Geiger tube: 900 v de at 1 mu a. 


Sag 

This power was all provided from one battery of 15 v de. 
The battery is of the silver-zine construction and provides a 
15 v de at 2 amp for 20 min. 

The Geiger tube voltage and the transmitter plate voltage 
were provided by the transistorized d-c converter. The 
Geiger tube high voltage was obtained by adding a separate 
winding to the step-up transformer to provide the voltage 
with negligible power drain. 

The function of the missile antenna system is to accept 
RF power from the telemeter transmitter and radiate this 
power in the most efficient manner. Two fundamental 
antenna systems from which to choose were available— 
notch and split-shell. The latter was selected in the interest 
of simplicity. The point of feed was moved as far forward 
as practical so as to maximize the down-tilt of the antenna 
pattern. It was moved so far forward that it'was possible to 
represent the system with a high degree of accuracy by a 
long, thick linear antenna. 

As far as is known, this is the first high altitude research 
rocket in which the instrumentation was fired in a non- 
pressurized condition, i.e., with the skin of the rocket not 
pressure tight. Obviously this has great advantages from 
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an operational point of view and the philosophy in the whole - 


design has been to keep the operational problems of the rocket 
launching very much down so that these launchings can be 
made easily and rapidly. A nonpressurized interior allows 
the nose cone to be removed and put back on again rapidly, 
permits putting holes in the nose cone for optical windows, 
and reduces the loads on the nose cone and the problems of 
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VOLTAGE 
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accurate and tight fitting. Careful packaging of the in- | I | T I 
strumentation enabled it to stand at least 300 g. 

The greatest problem for this type of high altitude rocket osc osc.Se osc osc ose 
is likely to be temperature. A minimum heat transfer be- oni 
tween the skin and the instrumentation was provided through a 
proper radiation shielding. The other new feature adopted | 
in the thermal design of the instrumentation was heat sinks _ 
which act to delay the rise of temperature. 

Fig. 3 Instrumentation block diagram 


Flight Test and Performance 


The following are excerpts from the preliminary report on 
the first test firings of Terrapin. Permission was granted 
by the NACA to include pertinent sections of the report in 
this paper. 

Two Terrapin vehicles were fired at the NACA Pilotless 
Aircraft Research Station, W allops Island, Va., on Sept. 21, 
1956, for the purpose of proving the structural integrity and 
checking the performance of the vehicle. 

Internal instrumentation was provided by the University 
of Maryland as well as a mobile receiving station, used to 
receive the telemetered data. The facilities provided by the 
NACA included an SCR-584 tracking radar unit which pro- 
vides slant range, azimuth, and elevation angle from which 
the horizontal range, altitude, and flight path angle may be 
obtained. A rawinsonde was used to provide data on 
atmospheric conditions such as static pressure, temperature, 
density, and wind velocity. The ( 


obtains the velocity of the model with time. The velocities 


thus obtained were then used with the speed of sound, as — 


calculated from radiosonde measurements, to obtain Mach 
numbers. 


Drag coefficients were obtained during test flights by - 


evaluating the expression 


w {dV 
‘dt 


where V = velocity as obtained from C. W. doppler radar and 
corrected to the tangential velocity along the flight path and 
for winds at altitudes traversed in flight, w = missile weight 
in pounds, g = dynamic pressure in lb/sq ft, S = body refer- 
ence area in square feet, dV /dt = acceleration of the missile’s 
center of gravity, and y = angle which the velocity vector 
of the rocket makes with the horizontal. 

The first Terrapin vehicle was fired at an angle of eleva- 
tion of 75 deg, and the second stage was boosted to an alti- 
tude of 9000 ft at a velocity of 2700 fps. The vehicle was then 
allowed to coast, and the burned out booster drag-separated 
from the second stage. Due to some malfunction, the sec- 
ond stage did not fire. The second stage continued to coast 
to a maximum altitude of approximately 53,000 ft at 55 sec 
after ground launching. The horizontal range upon impact 
was approximately 38,000 ft. However, performance and 
structural integrity of the first stage were proved, and also 
drag data were obtained on the second stage. The second 
Terrapin vehicle was launched at an angle of 75 deg but the 
angle dropped slightly immediately after launching. The 
second stage was boosted to an altitude of approximately 
8200 ft at a velocity of 2750 fps. The vehicle then coasted 
and the first stage separated. After 26 sec from ground 
launching time, the second stage accelerated to a maximum 
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Fig. 4 Flight trajectories 


velocity of 5680 fps. Radar contact was lost at 146,000-ft 
slant range. Comparison of available data with the predic- 
tions supplied by Republic Aviation Corp. shows good 
agreement. 

The trajectories of both vehicles are shown in Fig. 4 as 
well as the predicted trajectory obtained from Republic 
Aviation Corporation, Missiles Division. Fig. 5 shows the 
plots of altitude as a function of time for both vehicles as 
measured by radar contact and also the predicted curve of 
altitude vs. time. The variation of velocity with time during 
the first-stage boost and the second-stage coast for both 
vehicles is shown in Fig. 6. Fig. 6 also includes the variation 
of velocity with time of the second-stage boost and coast 
period for model number 2 as well as the predicted values 
from ground launching to impact for the Terrapin vehicle. 
The velocity of the second-stage powered flight was obtained 
from the SCR-584 radar data. These data are sufficient 
for determining the performance but are not of sufficient 
accuracy to calculate the drag coefficients. Fair agreement 


was obtained between the calculated and measured values 
of the drag coefficients. 
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Future Programs 


Several new programs are under development for Terrapin. 
These include studies of micrometeorite frequency and im- 
pact intensity, the creation and observation of artificial 
meteors, gaseous refraction tests, and the measurement of 
solar photons in the ultraviolet and x-ray regions during a 
solar flare. 

The various payloads for these projects vary in weight and 
volume, requiring some modification of the nose cone struc- 
ture. The nose cone angle remains unchanged, but a cylin- 
drical section is added when space requirements make it 
necessary. In the case of the micrometeorite studies, 
polished surfaces are to be exposed at a pre-set altitude on 
this upward leg of the trajectory, covered over on the down- 
ward one. The nose cone is then recovered by parachute. 
The artificial meteors consist of shaped charges to be fired 
from the nose cone near zenith, while the refraction tests are 
made by observing the sun’s rays refracted from sodium 
vapor clouds, at sunset or just before sunrise. 

The solar radiation experiments will consist of firing a 
series of Terrapins on a programmed time basis, each from a 
separate launcher, during an observed solar flare. By photo- 
graphing the solar flare on a time sequence basis and correlat- 
ing the flare eminence with the frequency of the telemetered 
solar photon count, the effective variation in radiation can be 
established in relation to the prominence of the flare. 


Conclusion 


It is submitted that there is a definite place in upper at- 
mosphere research for the small, high altitude, solid propellant 
rocket. Preliminary analysis of a modified Terrapin con- 
figuration, in which the Cajun motor is substituted as a first 
stage, indicates that this vehicle would be capable of carrying 
a 25-lb payload into the ionosphere; there would be no sig- 
nificant change in weight or cost. Analysis of another 
configuration weighing less than 100 lb indicates an altitude 


capability of 150-200 miles with a 5-lb payload. kn 
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Fig. 6 Variation of velocity with time 


Fig. 7 A sectionalized photograph of instrumentation 


Certain experiments require more elaborate instrumenta- 
tion, which present weight and volume problems. However, 
the need for statistically significant upper atmospheric in- 
formation of certain types requires the quantitative accumu- 
lation of data. Because of the high over-all cost per launch- 
ing of the larger sounding rockets and the elapsed time and 
manpower required, the gathering of quantitative data must 
be restricted to the smaller, lower-cost vehicle. 

The restrictions placed by a vehicle such as Terrapin on the 
scientist, to confine his upper atmosphere research instru- 
mentation to small volume, low-weight payloads, is challeng- 
ing. However, the tremendous strides made in the minia- 
turization and subminiaturization of electronic and electro- 
mechanical components and precision mechanisms furnish 
him with many reliable devices which can be used to achieve 
compactness and minimum weight. 

The premium placed on ingenuity in small payload in- 
strumentation for specific upper atmosphere research proj- 
ects pays off. The vehicle to transport the instrumentation 
can be small and low in weight. Its cost is proportionately 
less. Because it is small and light, its components require no 
elaborate handling gear, can be lifted and assembled by a 
ground crew of two or three people. Test site assembly time 
can be a matter of minutes. Since favorable surface weather 
conditions are desired for launching, such a vehicle can 
be readied for flight quickly, after the passage of a storm, 
or disassembled and stowed should the phenomena to be 
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Veronique, originating from V-2, has four delta-shaped 
fins. The propellants are nitric acid and _ turpentine. 
The weight, before firing, is one ton. The guidance at 
launching is realized with a special device. The telemeter- 
ing system has 20 channels. Of the 15 rockets which have 
been fired, the maximum height reached is 135 km. 


ERONIQUE is a French rocket developed by the 

Direction des Etudes et Fabrications d’Armement of the 
Ministry of National Defense in the Laboratoirede Recherches 
Balistiques et Aerodynamiques, at Vernon (Eure), 80 km from 
Paris. 

This missile originates from the German YV-2, but offers 
several unusual features, for example, the four delta-shaped 
fins. Its length is 24 ft; its diam 1.8 ft; its weight at launch- 
ing, | ton; it may carry a payload of 60 kg distributed into a 
volume of 100 liters. At the end of the propulsion period, the 
weight is only 350 kg. 

The propellants used, the weight of which is 700 kg, were 
fuming nitric acid and Diesel oil, fired by a hypergolic igniter 
consisting of furfuryl alcohol. Recently, excellent results 
have been obtained by using turpentine. 

The propellants are contained in two tanks, made of steel 
plate and placed with the acid tank in front of the fuel 
tank. The filling of the tanks is done under a pressure of 
about 50 kg/em*. To do so, hot gases are injected into the 
tanks. These gases come from chemically neutral liquids and 
are free from water vapor to avoid the annoyances of con- 
densations. Therefore, a small combustion chamber has 
been added; it is made of steel, and cooled by circulation be- 
tween double walls of a third liquid which is injected into the 
combustion gases at the outlet of the chamber. 

The injector, which atomizes and mixes the propellants, 
has one plane wall facing the firing place and upon which are 
distributed small conic craters; on this wall abut two nozzles, 
one for each of the propellants. 

The guidance at launching is obtained in the following way: 
A wooden cross is fastened to the four fins of the missile with 
the aid of explosive bolts. A cable is fixed at the tip of each 
arm of the cross. A second cross, of the same size, attached to 
the launching platform, bears a guide-pulley at the tip of each 
arm, and the four cables wind around a single drum with 
vertical axis. The tensions of the cables being calculated 
so that they balance the disturbing forces, this device brings 
about a vertical launching of the missile. When the stabiliza- 
tion is sufficient, the fixing bolts explode and the rocket follows 
its flight without its cross. If it be desired that the missile 
trajectory make an angle with the vertical, the drum must 
be properly profiled. 

The telemetering system was devised to transmit 20 meas- 
urements coming from potentiometric pickups. The carrier 
frequency is 152 Mc/s; the information signals appear as 
uniformly spaced impulses, the intervals being 950 yu sec, the 
duration between 100 and 750 usec, with a 4 msec interruption. 
This blanking allows the necessary time for synchronization 
at the receiver, and consequently the extraction of informa- 
tion by a counting device. 
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The French Missile Veronique 
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Veronique ready for launching 


At the ground, the time modulation is converted to an 
amplitude modulation by two different methods: 

1 Modulation of the Wehnelt cylinder (control grid) of a 
cathode-ray tube by the information signals; a synchronized 
saw-tooth is connected to the vertical plates. 

2 After decoding by the electronic switch, the informa- 
tion signal has a variable duration and a fixed amplitude; it 
goes through an integrating cell to the amplifier of the coil re- 
corder. A memory device, consisting of a magnetic recorder, 
is added to the whole equipment. 

Thirty-five pieces of information are transmitted per second, 
which limits the pass-band to about 5 cps. The quarter-wave 
aerial completes the duralumin cone in which is located the 
telemetering equipment; the total weight is 6 kg; the power, 
2 w. 

To date 15 Veroniques have been fired in North Africa. 
Typical performance and trajectory characteristics are the 
following: maximum altitude, 115 km reached 175 sec after 
takeoff; maximum speed, 1400 m/sec at burnout time. The 
maximum height ever reached was 135 km, on February 21, 
1954. 

Since the end of 1954, the firings have been stopped, owing to 
financial difficulties encountered by the French National 
Committee for the International Geophysical Year. At the 
instigation of the Comité d’Action Scientifique de Défense 
Nationale, the researches have been undertaken again by 
different military offices, apart from the IGY. Several im- 
provements, especially the quality of the metal used to make 
the tanks, lead us confidently to expect better performance 
than in the former firings. 

In addition to Veronique, the Comité d’Action Scientifique 
de Défense Nationale has at its disposal the powder rocket 
ATEF, a three-stage missile of smaller size, which has reached 
an altitude of 80 km and which is in the course of develop- 
ment. An even higher ceiling is expected from future im- 
provements. 
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The Japanese Science Council has two projects for the 
International Geophysical Year, 1957-1958, Sounding 
Rockets Program, namely, Kappa and Sigma Projects. 
The objective of the Kappa Project is to make a multi- 
staged, solid propellant, ground launched rocket capable 
of climbing to 80 miles altitude with a payload of 15 Ib. 
The Sigma Project aims to develop a Rockoon system, with 
a small rocket of about 25-lb weight, and a peak altitude 
of between 55 and 65 miles. 

The approach to the final Kappa rocket took two steps. 
The first step was to fire the miniature size test missile, 
Pencil rocket. As the second step a little larger sized 
rocket, called Baby, was tested. With Baby rockets, a 
firing range was set up, optical and radar tracking systems, 
telemetering, and recovery of data were studied, and field 
crews were trained. 

Three Kappa rockets were fired successfully in Sep- 
tember 1956, attaining a speed of Mach 2.7. Kappa with 
boosters will be tested in March and April of 1957. In 1956 
two preliminary tests for Rockoon were carried out to 
study the balloon launching from a ship on the ocean, to 
measure the change of temperature of the rocket propel- 
lant during the balloon ascent, and to check the operation 
of the pressure sensitive ignition systems. The launching 
of Rockoons with live rounds is scheduled for April and 
May 1957. 


Introduction 


N JANUARY 1955, the National Science Council of 

Japan decided to participate in the upper atmosphere ob- 
servations by sounding rocket during the International Geo- 
physical Year, 1957-1958. A Special Committee for the 
Sounding Rocket Program was organized in the National 
Science Council, and research funds are being supplied by the 
Japanese Government, the budgets of 1955 and 1956 being 
$140,000 and $200,000, respectively. 

The Committee decided upon two projects for IGY: 
Kappa and Sigma Projects. Kappa is a ground launched, 
multistaged, solid propellant, single instrumented, sounding 
rocket. Sigma is a Rockoon project. Twenty Kappas and 
the same number of Rockoons are scheduled to be fired in 
IGY, although the exact number of actual firings will depend 
on the budget of the 1957 fiscal year. 

The research started in February 1955, and most of the ef- 
forts to date have been concentrated on obtaining the rocket 
vehicle. Since all aeronautical research activities had been 
stopped during the occupation, we had no kind of rocket 
vehicle with which to start. 

The static test stands for rocket motors were built first, 
and researches began in the field of solid propellants. 

In April 1955, the first miniature size rockets, the Pencil 
rocket series, were fired for basic study. In August 1955, 
larger rockets, called Baby rockets, were launched. In 
September 1955, telemetering and tracking systems were 
studied by firing six Baby-T rockets. In October and 
November 1955, three Baby-R rockets were fired to study the 
technique of data recovery from the ocean. Then, finally, 
the Kappa rocket was designed and ground based tests con- 
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Fig. 1 Pencil and Baby rocket series 


tinued until August 1956, after which, in September 1956, 
three Kappa rockets were launched successfully. 

In the coming December 1956, four Kappas with instru- 
mentation are scheduled to be fired, and in March and April 
1957 Kappas with boosters are supposed to climb up to 80 
miles with 15 lb of payload. 

Along with this Kappa program, preliminary tests of a 
Rockoon system were conducted in 1956, testing the launch- 
ing of balloons from the ship, measuring the temperature 
change of the rocket propellant during the balloon stage, and 
checking the operation of a pressure sensitive ignition device 
for the rocket. 


7 4 The Pencil Rocket Series 
Ca.) 


The Pencil rocket (Fig. 1) may be the smallest test missile 
in the world. Its length varies from 9 to 12 in., its diameter 
is 0.7 in., and its weight is below half a pound. Its speed is 
subsonic to transonic. The rocket is tested both in a hori- 
zontal range and at the test field. 

Pencil rockets have been used as follows: 

1 To study correlation between center of gravity location 
and dispersion. 

2 To study correlation between launcher length and dis- 
persion; from the rocket’s behavior the thrust misalignment 
was computed. 

3 To compare various nozzles and propellants. 

4 To study the effect of tail fin configurations; as an ex- 
treme case some Pencil rockets were fired without tail and 
without launcher. 

5 To train optical tracking personnel; simulation for 
larger rockets was achieved by generating the proper angular 
velocities by means of a similarity law. 

6 To study multistaging systems; sometimes booster 
motions after detaching from the main rocket were studied 
for safety in the field firing of later rockets. 1 

7 To check launching systems; any new type of launch 
for a larger rocket is always tested by simulation with the 
Pencil rocket. 

So far, more than 150 Pencil rockets have been manufac- 
tured and fired. The cost of each Pencil rocket is $15, includ- 
ing everything. 
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4a: 
The Baby Rocket Series 


As the second step in the Kappa Project, we made a little 
larger solid propellant rocket, called Baby (Fig. 1). The 
main features are: outside diameter, 3 in.; weight of propel- 
lant, 2.2 lb. The Baby series includes three types: Baby-S, 
Baby-T, and Baby-R. S means simple; T denotes telemeter- 
ing; and R indicates recovery. Baby rockets attain transonic 
speeds. 

With aluminum tail fins and plastic nose cone and body, 
the over-all length of Baby-S is 3.28 ft, excluding one short 
booster. Baby-S was intended mainly to train field experi- 
ment crews, to develop facilities for rocket firing tests, track- 
ing equipment, launching systems, etc. As Japan does not 
have any desert area, we have had to use the ocean for a 
rocket range. Therefore, cooperation with the Coast Guard 
and the Fisherman’s Union has been an important factor in 
Baby S firings. Six Baby-S rockets were fired in August 1955. 
The rate of spin was as low as one revolution for each 5 sec, 
and the dispersion was less than the computed value of 4.3 
deg, deduced from Pencil rocket tests. 

Along with the development of Baby-S, various methods 
of computing the climbing performance of high altitude sound- 
ing rockets were studied, such as step by step or iteration 
methods, expansion by series, and a velocity-altitude phase 
diagram. The last one is based on the solution of the equa- 
tion of rocket motion by an isoclinic method, and is now our 
routine method of computation. 

A telemetering system for sounding rockets was first 
studied by using Baby-T. Six Baby-T’s were fired in Sep- 
tember with four instruments: speed, acceleration, pressure, 
and skin temperature meters. The transducers of these 
instruments were mostly liquid-resistance type, and provided 
outputs of 0 to 5 volts de to the transmitter. 

The rocket-borne transmitter was an FM-FM, 4channel 
unit, radiating at 414 Mes, with subcarrier frequencies of 2.5, 
3.3, 4.5, and 6.2 kes. With a wire antenna, the output was 
watt. 

Baby-R was designed in order to study the technique of 
recovery from the ocean. Its over-all length was 4 ft, and a 
16-mm rocket-borne camera was the thing to be recovered. 
This rocket is separated into two pieces after the summit by a 
pyrotechnic method using a timer. Then the rocket-borne 
camera together with its parachute and self-inflating float are 
ejected by explosive. Dye marker helps the aircraft and 
helicopter find the point of impact. 

The camera, specially prepared for Baby, has a length of 
7.4 in., diameter 2.9 in., and weight 0.16 Jb. Two pictures 
can be taken per second, with a shutter speed of 1/30 sec. 
The camera has a 23-mm, f-3.5 lens. Two out of three 
cameras were successfully recovered in October and Novem- 
ber 1955 at the Akita test field. 


The Kappa Rocket 7 


We have now reached the stage of designing and firing the 
Kappa rocket (Fig. 2). Twenty Kappa rockets are scheduled 
in IGY to observe air pressure, solar radiation, ion density, 
cosmic rays, temperatures, and winds in the upper atmosphere. 
The diameter of Kappa is 5 in.; length, 7 to 8 ft. Three 
Kappa rockets without boosters were launched at Akita in 
September 1956, and the maximum speed was approximately 
2800 fps, Mach 2.7. A 5-ft launcher was used. 

The next Kappa flight will be in December 1956, with four 
kinds of instruments, and a telemetering system. A combina- 
tion of a bellows and inductance-type transducer will produce 
d-c voltages from pressure ports at the nose and along the 
rocket body, and will determine the Mach number. The 
second instrument will be an accelerometer to measure ac- 
celeration during and after burning in order, by integration, 
to get the altitude attained. The third will be a skin tem- 
perature meter, of which two types have been prepared. 


Marcu 1957 


Fig. 3 Akita rocket test field of Tokyo University 


One of these is a fuze type, in which metals of various melting 
points are made and attached to the skin, and the skin tem- 
perature is then measured stepwise by telemetering the open- 
ing of the fuzes. The last instrument will be a wire strain 
gage, which will measure the stresses in the tail fin in the 
sandwich construction we use. 

Both optical and radar tracking have been prepared. Six 
homemade theodolites and two fixed cameras of sector-type 
exposition are used. The tracking radar is a simple one, 
and uses a rocket-borne transmitter at 1680 Mes and a re- 
ceiving station on the ground. A DOVAP system is also 
under construction, to operate at 40 Mes, and will be availa- 
ble in March 1957. 

The telemetering for Kappa rockets operates at 225 Mes. 
It is an FM-FM, 5-channel system, and uses a body-type an- 
tenna, whereas the radar beacon uses a notch antenna in the 
tail fin. 

For the Kappa Project a theoretical study of multistaged 
rockets was carried out, and a theory to determine the opti- 
mum coasting duration for a multistaged rocket was de- 
veloped. From a velocity-altitude diagram the optimum 
coasting time can be obtained using a chart based on the 
theory. 

Kappa rockets with boosters are scheduled to be fired in 
March and April 1957, and are supposed to climb up to 80 
miles altitude with 15 lb of payload. 

All the Kappa rocket firings will be conducted at the Akita 
Test Center (Fig. 3), which is located in northern Japan, 
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Fig. 2. Kappa rocket on launcher a ; 
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facing the Sea of Japan. The main facilities already con- 
structed are: horizontal and vertical test stands, a control 
room, an instrumentation laboratory, a telemetry station, a 
radar station, and launchers. This facility was specially 
prepared for the IGY by the University of Tokyo, and be- 
longs to the University. 


Rockoon 


Following the original idea of Dr. Van Allen, twenty 
Rockoons are scheduled in IGY (Fig.4). In 1956 preliminary 
tests were conducted using dummy rockets. The first test 
was performed on September 18, 1956, in order to select a 
proper ship for IGY. The Weather Observing Ship Ryofu- 
maru was chosen, and balloons with dummy rockets were 
launched over the Pacific Ocean. The rocket weight was 22 
lb, and two types of balloons were tested. One was a plastic 
balloon, of 27,000 cu ft; the other was a cluster of seven 
rubber balloons. Both were successfully launched from the 
ship. 


Fig. 4 Plastic balloon with Sigma rocket climbing aside Mt. 
Fuji—preliminary Rockoon test in November 1956 


On November 19 and 20, 1956, the next preliminary 
tests of Rockoon were carried out, to measure the change of 
the rocket propellant temperature during the balloon climb- 
ing stage, and also to check the performance of the pressure 
sensitive ignition systems for the rocket. The data were tele- 
metered, and the fina] temperature of the rocket motor at 
82,000 ft was —8 C for a white-painted rocket, and was 20 C 
for a black-painted one. This time the Rockoons were 
launched from the ground close to Tokyo. 

Rockoons with live rockets will be launched in April and 
May 1957, on the Pacific Ocean, and are expected to go to 
between 55 and 65 miles altitude. 


The High Altitude Sounding Rocket F (nse 
(Continued from page 262) 


however, still leaves the smaller rockets, like the Deacon and 
the Cajun, as the only truly inexpensive vehicles at present 
available to the upper air researcher. Both the Deacon and 
the Cajun are an order of magnitude less expensive than the 
Aerobee. This has the great advantage of bringing upper air 
rocket sounding within reach of universities and other private 
organizations, permitting skills and know-how in this field 
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to be developed on a broader basis than would otherwise be 
possible. 

It must, however, be pointed out that the price of the rocket 
vehicle is only a part, and sometimes a small part, of the total 
cost of an upper air research firing. The research instrumen- 
tation, logistic and operational support, and personnel costs, 
often add up to much more than the purchase price of the 
vehicle. It will doubtless long continue to be true that all 
upper air sounding groups, both government and private, will 
require the logistic and operational support of military firing 
ranges and ships. 


Sounding Rockets in Current Use 
Some of the rockets that are being used today for upper air 
research are: 
Nike-Deacon 
Nike-Cajun 
Rockoon 
Veronique 


Aerobee 
Deacon 
Cajun 


ASP 


In its Aerobee-Hi version, the Aerobee will carry 120 lb to 
several hundred kilometers altitude. When launched from 
the ground, the Deacon and Cajun do not exceed balloon 
altitudes, but when first boosted by the Nike booster they can 
carry 25- to 50-lb payloads to from 80 to 100 kilometers alti- 
tude, thus reaching the vicinity of the E-region of the iono- 
sphere. A comparable performance can be obtained by 
launching these rockets in the stratosphere from a Skyhook 
balloon. The ASP is a small vehicle with similar uses and 
capabilities. Both the Veronique and the Monica are French 
rockets. The former is similar to the Aerobee in concept and 
size, while the latter is a smaller solid propellant rocket. 

England is preparing to use a solid propellant rocket, com- 
parable to the Aerobee, for upper air research during the 
International Geophysical Year. Japan is preparing a 
multistage vehicle called the Kappa rocket for IGY, and a 
version of Rockoon called Sigma. 

Finally, for historical purposes, one should mention the 
WAC Corporal, the V-2, and the Viking, although these are no 
longer in use for upper air research sounding. A modified 
form of the Viking, however, is to be used as the first stage in 
launching artificial satellites for geophysical research during 


IGY. 
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Terrapin—An Upper Atmosphere Research Vehicle 
(Continued from page 284) 


measured fail to materialize. With the few available test 
site facilities being taxed by the variety and number of rocket 
and missile test programs, the portable launcher permits 
clearing the test site immediately upon the completion of a 
launching, making it available for other programs. 

What is probably of more significance is the fact that upper 
air soundings need not be restricted to established test facili- 
ties. The small instrumented rocket makes it logistically 
possible for a team composed of a few scientists and tech- 
nicians to conduct upper air soundings over any uninhabited 
sea or land area on a synoptic basis. 
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A high altitude rocket is being developed in the U. K. by 
the Ministry of Supply for a joint research program be- 
tween the Royal Aircraft Establishment and a number of 
universities. The vehicle is 25 ft long, 17'/. in. in diam 
and employs a solid propellant motor. When launched 
near the vertical, it is expected that an altitude of 490,000 
ft will be achieved with a payload of 65 lb. Later flights 
with a boost addition are hoped to reach 700,000-ft altitude. 
The missile is stabilized by three fins but it is not guided 
during flight and will carry telemetry, doppler, and beacon 
tracking equipment in addition to the payload. The first 
trainable launcher has already been installed at the 
Australian rocket range at Woomera and firings will begin 


there early in 1957. 


HE British Ministry of Supply is developing a high alti- 

tude rocket vehicle to be used in a program of upper 
atmosphere research undertaken jointly by the Royal Society 
and the Royal Aircraft Establishment of the Ministry of 
Supply. The Gassiot Committee of the Royal Society will 
supervise the contributions of several British universities. 
The main contribution of the Royal Aircraft Establishment is 
the rocket vehicle itself. 

The vehicle has been named ‘“Skylark.”” In outward form 
it resembles Aerobee, being 25 ft long, 171/2 in. in diam, and 
having 3 stabilizing fins. On the earlier vehicles the fins wiil 
be of a type which has been used on other projects; the leading 
and trailing edges are swept back and the area is sufficient to 
give ample margin of stability. On later vehicles a lighter 
and smaller fin of trapezoidal shape will come into use after 
suitable proving trials. 

Internally, the Skylark is very different from Aerobee, be- 
cause it is powered by a solid propellant motor. The motor 
has been given the code name “‘Raven”’ and is stil] undergoing 
development. It is 15 ft long and gives a thrust of about 
11,500 lb for about 30sec. The effects of variations in charge 
shape are now being examined in order to achieve an optimum 
thrust-time relationship. 

The nose of the Skylark consists of a conical portion 65 in. 
long and a parallel portion 30 in. long, the latter containing a 
telemetry sender, a doppler tracking transponder and the 
microwave beacon of the missile tracking system. This is a 
system installed on the Australian range in which direction- 
finding antennae at ground stations lock on to a beacon in the 
missile. It is anticipated that aerodynamic heating on the 
nose cone may restrict the choice of material to stainless 
steel. Both the nose cone and the telemetry bay, which 
incidentally affords further payload space, may be pressurized 
independently, and various re-arrangements of the structure 
will be made from one vehicle to the next to accommodate 
various experiments; for example, the ejection of grenades 
from the telemetry bay, or the jettisoning of .the forward 
portion of the conical outer casing. 

The Skylark will be launched from a trainable launching 
tower, some 80 ft high. The tower is supported near its mid- 
point by a tripod structure carrying a gymbal frame on which 
there are 2 sets of gymbals which afford movement between 
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British High Altitude Rocket Research Program 
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15 deg forward of the vertical and 5 deg rearward of the verti- 
‘al in the elevation sense, and 10 deg either side in azimuth, 
and the tower is power operated by remotely controlled 
driving motors mounted on the gymbal frame. The loading 
trolley is incorporated in the frame of the tower and the whole 
structure weighs some 30 tons; it has been constructed mainly 
from army engineers’ bridge panels. The launcher rails have 
been made adjustable so that the launcher could, if desired, 
accommodate Aerobee; it will also be possible with slight 
adjustment to fire Skylark from the Aerobee launcher at Fort 
Churchill. The first launcher has now been erected at the 
Australian rocket range at Woomera where the Australian 
Government Department of Supply is cooperating with 
arrangements for the firings. 

Since the Raven motor is still in its development stage, it 
is not possible to give precise performance figures, but Skylark 
No. 1 will be potentially capable of a maximum altitude of 
490,000 ft with a payload of 65 lb. However, for reasons of 
safety, this first vehicle will be fired at an elevation of 75 deg 
(15 deg forward of vertical), the prime concern being with 
the launching behavior of the vehicle and its flight to “all 
burnt”; consequently a comparatively low ceiling is expected. 
Every effort has been made to launch Skylark No. 1 before 
the end of 1956, but at the time of writing it appears that 
this will not occur until 1957. It will be understood that 
the great distance between the place of manufacture and the 
firing range does cause some special difficulties in the firing 
of experimental vehicles. 

In choosing the Raven motor the advantages of using liquid 
fuel motor have been sacrificed for the simplicity of operation 
and relative cheapness of the solid propellant motor. The 
Skylark, as originally conceived, is a single-stage vehicle, and 
in that form a high initial thrust is necessary togivea launching 
speed high enough to reduce dispersion to a satisfactory 
amount. The motor, having this characteristic, will not give 
maximum performance as measured by peak altitude, and for 
this reason it is not expected that altitudes of 400,000 ft will 
be exceeded in the early firings. 

In order to achieve high altitudes and to overcome the 
dispersion problems at launch the need for a boost motor is 
recognized, and it is expected that late in 1957 a version with a 
short-period boost motor will be provided at Woomera. This 
boost should reduce the dispersion substantially and make 
possible a maximum altitude in the region of 700,000 ft. 

With these developments in mind, it has been considered 
worth while to begin preparations for the firing of a version 
of Skylark from a test range within the United Kingdom. 
This test range is operated by the Royal Aircraft Establish- 
ment and is situated on the west coast of Wales, firing into the 
sea between Britain and Ireland. In the event that the firings 
at Woomera show that the point of impact is predictable with 
reasonable certainty, part of the research program will be trans- 
ferred to the United Kingdom range. 

On the assumption that the Skylark proving trials pro- 
ceed satisfactorily in the first half of 1957, flights with the 
equipment provided under the Royal Society research program 
should begin in Australia with the commencement of the 
International Geophysical Year. The following is a list of 
the experiments which have been proposed and for which in- 
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Technical Notes. 


Peroxide Field Analyzer 


J. G. TSEHINKEL! and T. D. CANTRELL? 


Army Ballistics Missile Agency, Huntsville, Ala. 


A field method was developed to measure the concentra- 
tion of hydrogen peroxide in aqueous solution in the range 
of 70-90 weight per cent hydrogen peroxide. The hydrogen 
peroxide solution flows through a granular catalyst bed 
and the temperature of the gaseous decomposition prod- 
ucts is measured. The apparatus is calibrated against 
titrated hydrogen peroxide concentration. Standard error 
of measured data is less than 0.05 per cent —— per- 


oxide. 
Nomenclature 
= specific heat capacity of liquid, cal /°C (H.02 solution ) 
Cp = specific heat capacity of gas, cal/°C gm 
m = mass flow rate, gm/min 


q~ = heat lossrate, cal/min 

S = standard error; S = (W- — W.)?/n where n 
ber of data 

Tia = adiabatic decomposition temperature of H2O2 solution of 
20 C initial temperature 


= num- 


tin = inlet temperature of H.O, solution, °C 
Tx» = measured decomposition temperature at 20 C inlet tem- 
perature, °C 

W, = true concentration of aqueous solution: 
per cent as found by titration 

Introduction 


HE goal of development was a field method to measure 

the concentration of hydrogen peroxide solutions of 
70-90 per cent hydrogen peroxide by weight. A precision of 
+0.1 per cent hydrogen peroxide was required. Equipment 
was to be rugged enough for field use; procedure, simple 
enough to be learned by unskilled personnel after a few 
demonstrations. 

A survey of all methods proposed for hydrogen peroxide 
analysis (1)? showed the following methods in competition 
for a field method: 

1 Titration with permanganate solution. 


2 Refractometry (immersion). wrk 
3 Density measurement by hydrometer. 
4 Density measurement by Westphal balance. =| 


Literature data on refractive index and density are based 
on permanganate titration. Titration, in turn, was com- 
pared with measurements of the volume of oxygen evolved 
in decomposition of hydrogen peroxide (2) with which it 
agreed within 0.02 per cent hydrogen peroxide. Accepting 
the oxygen-volume method as absolute, the titration can be 
called “‘near-absolute.” 

In the experiments of (1), method 2 yielded results 0.2 per 
cent lower, methods 3 and 4 up to 1 per cent higher than 
titration. Titration, however, appears not to be suited 
the field due to the need for an analytical ei e and ie 
cleanliness. 


Thermometric Field Method fire, 


A method of measuring the temperature of the gaseous prod- 
ucts of near-adiabatic decomposition of hydrogen peroxide 
solutions flowing through a bed of solid catalysts and relat- 
ing this temperature to the titrated hydrogen peroxide con- 
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centration was perfected. A total of 230 tests were run on 
various configurations of apparatus and variations of pro- 
cedure. 

The apparatus described in the following section has given 
the best results and is considered to be mature for field ap- 
plication. 

Description of Apparatus 


The apparatus consists of the three separate components 
listed in Table 1. 

The sample container is a polyethylene bottle of 3-liter vol- 
ume with a drain tube of the same material, a rubber bag with 
a rubber bulb pump and connecting tubing, carried in a case 


Table 1 Main components of apparatus 
Esti- 
mated 
price in 
> Base produc- 
re ts Area, tion 
W Pee in. X Height, of 1000 
Component lb in. in. units 
Sample container 11 8x8 16 $ 40.00 
Decomposer 7 5X6 12 40.00 
Potentiometer 
with thermo- 
couples 12 xd 7 420.00 


Apparatas ready for test—1) potentiometer, 2) decom- 
poser, 3) sample container, 4) air pressure bag 


Fig. 1 
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of aluminum (see Fig. 1). A drain tube ends in a female 
ground-glass joint, fitting its counterpart on the decomposer 
unit. 

The decomposer is described by Fig. 2. The decomposition 
chamber (Fig. 3) is embedded in a glass wool insulation 
contained in a carrying case. A flowmeter and a Weston 
thermometer is mounted on the outside of the case, intruding 
into the feed stream to indicate the sample inlet temperature. 

A potentiometer from Leeds and Northrup, designated 
“8663 special,” covers a range of temperatures from 280 to 
880 C with 1 C being the scale unit. The potentiometer has a 
compensator for changes of ambient temperature, thus ob- 
viating the need for an ice bath as temperature reference. 


Fig. 3 Decomposition chamber 


Test Procedure 

A peroxide sample of at least 2 liters is placed in the 
sample bottle; the glass joint is connected to the counterpart 
on the decomposer and held tight by a spring clamp. The 
thermocouple leads are connected to the potentiometer. The 
rubber bag is inflated by the hand pump while the pinch cock 
is closed. Then, the pinch cock is gradually opened until the 
desired flow rate is reached. The flow rate is held at this 
level, indicated by two limiting marks, by occasional boosting 
of bag pressure by means of the bulb pump. 

After 12 or 14 min (see Table 5), the operator begins to read 
the temperature every minute for 3 min. 

The test is terminated by releasing the bag pressure by lift- 
ing the polyethylene stopper. The pinch cock is closed after 


the liquid column has regressed to the sample container. 

For disassembly, only separation of the ball joint and 
thermocouple lead wires is needed. Covers are replaced on 
the units to ready them for carrying. 

It takes 5 min to set up the apparatus, 15 min to run the 
test, and 5 min to disassemble—a total of 25 min. 


Theory of Method 

Hydrogen peroxide is readily decomposed by certain cata- 
lysts according to 

(H2O2)1iq = (H2O)1iq + 3 (Oz), + 12,930 cal (25°C, 1 atm) 

The gas temperature, which is obtained by complete adia- 
batic decomposition of aqueous hydrogen peroxide solution, 
is a function of the initial temperature of the solution ¢;, 
and the concentration of hydrogen peroxide W. Data can 
be represented by 


Ta = 25.40(W,) — 1545.............. [1] 
~ T ia 
and, conversely W, = 60.83 + 3.937 77) Eee [2 


The correction for deviation of inlet temperature from 20 C 
standard is readily obtained from a heat balance 


cr Al;, = Cp AT [3] 


Inserting data for c; and c, from (3), we obtain an average 

value of 

AT 

At;, Cp 
which holds with an accuracy of +0.6 per cent over the range 
of 70-90 per cent hydrogen peroxide. 

Combining [1] and [8a] gives 


T sa. = 2540 (W,) — 1545 + 2.00 (t;, — 20)... . [4] 


Deviation of Measured Temperature from Theoretical 
Value 


Heat Loss Through Insulation: It is obvious that there 
will be heat losses from the apparatus due to imperfect 
insulation. Magnitude of these losses was estimated from 
measurements of surface temperatures of the decomposer 
ease during long operation. The heat loss rate was calcu- 
lated from common heat transfer formulas, taking into 
account the surface area, surface position, temperature 
and velocity of ambient air, etc. Results are presented in 
Table 2. 

The per cent hydrogen peroxide “lost” by heat dissipation 


was found from 
cal 
q 
mim 


cal 4 
— m — 25.4 | —— 
\gm- °C min W% H20-2 


Other heat losses influencing the measured temperature 
are those from the thermocouple. These errors were esti- 
mated by heat transfer calculations. 


75 26 42 


90 25 119 


re Table 2 Heat losses from decomposer estimated from surface temperature measurements 2 
(Flow Rate 100 gm/min) 
Heat Loss 
; Rate Absolute 
W% H:202 Wind veloc. Ambient ———— Surface temp, °C-——-—~ cal error 
inlet mph temp, °C Top Sides Bottom min’ — W% FOr 
75 50 4241 40 150 


35 + 1 34 


278 -0.27 
120 +1 96 945 


Marcu 1957 


291 


=) 
f 
= 
| 
coy 
i! 
| 
soo 
Hatt 
(4) 
| 4 
fee 
4 
7 4 


Table 3 Estimated error of temperature measurement 


Error = T'meas — T'ideai With 90 weight per cent hydrogen 
peroxide solutions 


Radiation error —0.05C 
Conduction error —0.01C 
Recovery error at 0.7 recovery ratio —-1.0C 


(Exhaust Mach number: 0.15) 


The only significant error is the error due to the low re- 
covery ratio, estimated (4) to be only 0.7, of a bare wire ther- 
mocouple. This could, of course, be improved by using a 
cup-type thermocouple. But, it appears to be irrelevant 
since it amounts to only 0.04 per cent hydrogen peroxide, 
and, moreover, is reproducibly included in a calibration. 

Heat Gain of Feed Stream: Heat is transferred from 
the insulation material through the feed tube to the 
liquid. In order to minimize this gain, the part of the feed 
tube traversing the insulation was made as short as pos- 
sible and as narrow as tolerable with respect to pressure 
drop. 

The maximum heat gain for the apparatus shown in Fig. 2 
was estimated, from a heat transfer calculation based on 
measured temperatures of the insulating material, to be 
equivalent to less than 0.05 per cent hydrogen peroxide. 

Calibration of Apparatus 

Procedure: An empirical calibration of the apparatus 
with titrated hydrogen peroxide concentration as the basis 
was the only way to account for heat loss and gain. 

Various concentrations of hydrogen peroxide were pre- 
pared by diluting 90 per cent hydrogen peroxide solutions 
with distilled water. Analysis samples were taken immedi- 
ately preceding the test run and directly from the sample 
bottle. Three gas temperature and inlet temperature readings 
were obtained at the 12, 13, 14 min or 14, 15, 16 min, respec- 
tively, depending on time elapsed between tests, and aver- 
aged. These readings were reduced to 20 C inlet temper- 
ature using [3a]. 

Calibration Equation: From the data the best-fitting 
straight line was calculated by the method of least squares. 

The standard error of experimental points with respect to 
this straight line was found to be 


S = 0.092% 


Although this would be an acceptable precision, it can 
readily be improved by accounting for the slight curvature 
of the function through the use of two linear functions, one 
for low and one for high concentrations. This decreased the 
standard error to only S = 0.025% H-On. 


Compromise on Test Duration and Flow Rate 

Fig. 4 shows a plot of temperature readings vs. time of 
operation at two flow rates, starting with a cold or warm 
decomposer. 

Here, ‘cold’? means that the decomposer was near room 
temperature (first run of the day); ‘“warm’’ means 20 min 
after preceeding run. 

It can be seen that the temperature reaches a practical 


equilibrium after 14 min of operation with the “warm” start. 


and higher flow rate. Proposed reading intervals, indicated 


by 3 arrows, were selected to read temperature within 2 om 


(= 0.1 per cent HO.) of equilibrium. By standardizing on 
a certain time interval of warm-up and another of reading 
(3 min), it was possible to obtain reproducible results. 

If the apparatus was cold at the beginning of the run, re- 
sults would come out too low as Fig. 4 shows. This error 
can be compensated by increasing the warm-up interval. 
The intervals shown in Table 4 were standardized. 

A high flow rate tends to shorten the warm-up interval, 


TEMPERATURE , °C 
720 1 
TEST NO. 4 FLOW RATE, 
TEsT NO. | § 100 GM/MIN. 
a“! 
7i2 7 
708 
TEST NO. IS ) FLOW RATE, 
[ i NO. 1@ 80 GM/MIN. 
700 
696 
692 
| 
688 
Am, 
684 4 
680 I; i 
676 ] ; 
672 | ; 
LEGEND 
$44 PROPOSED READING INTERVAL 
660 DECOMPOSER WARM AT START 
| | ____DECOMPOSER COLD AT START 
656 | 
4 
i? 90 WEIGHT PERCENT H,0, 
648 + 
| | INLET TEMPERATURE 20°C 
644 4 
| 
4 4 = 
636 


Fig. 4 Decomposer exhaust temperature vs. time 


Table 4 Reading intervals at flow rate 75 ml/min 


Thermocouple inside decomposer reads 
before test > 


Below Above 
280C 280C 
Interval to first reading 14min 12 min 


Interval between three consecutive read- 
ings min 11min 


produce practically complete decomposition. Overloading of 
the catalyst was indicated by a sputtering discharge and by 
yellow spots on titanium sulfate paper held over the discharge 
opening indicating hydrogen peroxide. A flow rate of 75 
ml/min (= 100 gm 90 per cent H,O.) was found satisfactory 
with the described configuration. 
Low Ambient Temperature 

Some tests were run in the open at temperatures of 1.2 C 
to 22 C. Results agreed with titrated hydrogen peroxide 
concentrations with standard error of 0.07 per cent which is 
well tolerable. 

Testing by Unskilled Personnel 

Service mechanics, unskilled in chemical laboratory oper- 
ations, were able after about two demonstrations to produce 
measurements matching titrations with standard error 


0.05 per cent in 10 tests. 
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Leading Edge Cooling 


ARTUR MAGER! 


Marquardt Aircraft Co., Van Nuys, Calif. 


Convenient expressions for the time required to reach 
any specified cylindrical leading edge temperature, or for 
the coolant flow rate per unit leading edge length, are 
given. Without cooling, these are applicable to short time 
deviations from the conditions at which the equilibrium 
temperature is reached; while, with cooling, level, constant 
velocity flight is postulated. In both cases, the heat lost by 
radiation is taken into account. =: 


Nomenclature 


= constant (convection to radiation ratio) 
= specific heat capacity 

= specific heat 

= function of 0 

functions of 6 
heat transfer function 

= coolant heat transfer coefficient 

= heat flow rate oa 
= average aerodynamic heat flow rate per unit area 
= outer radius 

= inner radius 

= temperature 

= time 

coolant flow rate 
= axial coordinate 
= auxiliary variable 
= emissivity 
coolant to equilibrium temperature ratio— 
= wall to equilibrium temperature ratio 

= conductivity 

= Stefan-Boltzman constant 

= time dependent aerodynamic heat flow rate 


= density 


Ad 


ll ll 


Subscripts 


c = coolant 

e = equilibrium 

f = final 

i = initial 

Pp = constant pressure 

v = inner wall 

w = outer wall 
0,1,2... = successive approximations 


Bar over the value indicates averaging 


Introduction 


HE advent of very high speed flight has focused attention 

on the problem of aerodynamic heating. In this connec- 
tion, it has been shown (1),? that by flying sufficiently high, 
where, due to large ratio between the radiative heat loss and 
the aerodynamic heat input, one can maintain average equi- 
librium skin temperatures which are compatible with the 
allowable stresses of known materials and thus reduce the 
severity of the aerodynamic heating problem. Still, certain — 
critical parts, like the leading edges of wings, nose cones, etc., 
whose heat transfer coefficients are extremely large, cannot be 
cooled by radiation alone and these tend to assume the very 
high adiabatic wall temperatures. 

To overcome this problem, the reduction of the heat trans- 
fer coefficient at the stagnation region through blunting is 
generally advocated. Since the heat transfer coefficient de- 
pends in such cases inversely on the square root of the radius 
of the blunt body (2) and since the drag is proportional to the — 
frontal area, the blunting amounts to a certain sacrifice of the 
aerodynamic characteristics 
problem. 
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This price, which one has to pay for very high speed flight, 
can be made less costly if additional convective cooling of the 
leading edges is considered, or if the dashes into the ‘forbidden 
region’’ are of sufficiently short duration, so that the leading 
edge has no time to reach the excessively high temperature. 
The objective of this note is to present somewhat simplified, 
but closed form, solutions for specified temperature rise of such 


cooled edges, or for short time dashes. | 
Short Time Dash 


This problem is somewhat simpler and therefore will be 
considered first. The transient temperature rise of a cylindri- 
cal leading edge is given by 
at. 

dt 


Analysis 


Here the average aerodynamic heat input rate g can be ob- 
tained at any given flight speed and altitude by integrating the 
expressions given in (2) and thus may be considered known. 
It should be noted that g is in general a function of time, but 
for the preliminary considerations we take it to be a suitably 
chosen constant. The results of (2) are applicable to laminar 
boundary layers and unyawed leading edges. If the leading 
edge is yawed, then an appropriate correction to the heat 
transfer rate can be applied by using the values cited in (3). 
Furthermore, it should be pointed out that for a cooled wall 
the heat transfer rate g, as given in (2), is independent of the 
wall temperature 7’... 
Defining the wall to equilibrium temperature ratio 


Tw 
I= T.= 
T. (1) 


Fig. 1 Fand —G as functions of @ 
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and remembering that for a solid cylindrical leading edge C = 
0.5Rwe one obtains from Equation [1] 
oeT 
dt cRw 
The appropriate initial conditions may be taken at t = 0, so 
that upon integration one obtains 


cRw 
F(4)] 


The function F is illustrated in Fig. 1. It is easy to show 
from Equation [2] or see from Fig. 1 that even for quite large 
values of @, an excellent approximation to F is given by 26. 
The temperatures 7’, ; and 7, ; are fixed by the allowable 
stresses of the leading edge material and the initial conditions, 
respectively. Consequently, the time t; varies as RT.~4, or 
since T.4 ~ R~-'/:, t; ~ R*. The decrease of leading edge 
radius, so as to reduce the drag, will thus limit the permissible 
dash time. Also, for a given radius, dashes at altitudes much 
lower than that at which the equilibrium temperature is 
reached will have to be of rather short duration. 

While these considerations are useful for the estimate of 
over-all trends, in practice, as pointed out above, the aerody- 
namic heat input will vary with time. For short dashes, how- 
ever, it should be possible to apply the small perturbation 
procedure. Taking therefore 


T.. 1 = 


with g; = const, and substituting into Equation [1], one ob- 
tains the zeroth order equation for 6 which must be identical 
with [la] and the first order equation (with nonlinear terms 
eliminated) for 0; 


oeT,, 

The initial conditions taken again at t = 0 may be con- 


veniently stated as 0; = 4. :; 6:.; = 0. The solution of the 
zeroth order equation is then given by Equations [2], while 
- the first order equation integrates to 


cRwT.,; Jo (1 — 604) 
consequently the wall is given by 
Fe, 
6, = anti F | F(6; 
anti { + cRw 


The right-hand side of this equation can be plotted as a func- 
tion of ¢, and for any fixed 6 = 6; the appropriate time t; can 
be found. 


Cooled Leading Edge 

Here one assumes the leading edge to be made out of a series 
of cylindrical tubes, placed end to end, each individually reach- 
ing the specified maximum wall temperature T., ;. Level, 
constant velocity flight is postulated so that ¢ does not vary 
with time. One can now write the four separate expressions 
for the heat flow rate 


d 
log (R/r) 


Q=T = mrdz h(T,, — T.) 


= TR dx — oeTy*) = we,dT,. . [6] 


These four equations must be valid, at any z, between the 


four unknowns Q, T, T,, and T.. The coolant properties, 
which were assumed constant, should be evaluated at bulk 
temperature. Defining the heat transfer function H and the 
coolant to equilibrium ratio 90 


r, 
H=1+4 


one can show, after some manipulation, that the first three of 
Equations [6] can be combined into 
rh 


RocHT.* D=1+ BO..{7] 


66+ B@—-D=0 B= 


Equation [7] is a relation between @ and 9, applicable at 
any x, and can be expressed in differential form as 


On the other hand, from the last two of Equations [6], one 
also has 

3 

dx 


so that using [7a] this finally leads to an equation for the wall 
temperature 6 


The appropriate initial condition can again be taken at 
x = 0, so that upon simple integration and rearrangement one 
has 


w_ 


13 [F(0;) — F(6)] (Os) 


G(@) = log (1 — 64) 


The function G is also shown in Fig. 1. From this figure 
it is obvious that for reasonably large values of B, such as 
undoubtedly will occur in actual practice, and even for fairly 
large 6, the contribution of function G is negligible. Conse- 
quently, for fixed ;and Ty, ;, w/z; will vary as The 
quantity w/z; is important because it is proportional to the 
total coolant flow required for cooling of the fixed length lead- 
ing edge and thus has an effect on the over-all aircraft per- 
formance. For a fixed time of flight, low values of w/z, signify 
low weight of coolant on board. One thus notes that a de- 
crease of the leading edge radius will also be favorable from 
the cooling standpoint. This advantageous situation occurs 
because while the aerodynamic heat flow rate per unit area 
increases as R~'/2, the total heat flow rate Q, absorbed by the 
coolant, decreases as R'/?, 

It should be noted however that the radius R may not be 
reduced indefinitely. For very small radii (e.g., small 6), 
Equation [7] shows that, at each x, the difference between 0 
and @ is inversely proportional to B; that is, it increases as 
the radius decreases. Thus from the initial and final condi- 
tions one finds by simple algebra that 


1 (a 


Since this difference may never become negative, the smallest 
physically possible value of B is (8; — 0;)—. For this value 
of B both A@ and zy are zero. Consequently, for all radii 
smaller than the one giving the minimum vglue of B, the 
specified 7',, ¢ is unrealistic. 

As a matter of practical interest, one should indicate the 
manner in which the actual computations can be carried out. 
The difficulties occur because neither 6;, nor A are known. 
If, however, the coolant exit conditions are assumed (it is 
reasonable to assume 9,, 9 = 9,), then an appropriate value of 
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ho, based on the bulk temperature can easily be obtained. 
Using this ho, one may compute Ho, By; then applying equa- 
tion [7] at x = z,, one may obtain a new value of 9;,;._ This 
process can be repeated until successive changes in h are small. 
With values of h and B so determined, one obtains the appro- 
priate value of 6; from the known 0, by again using Equation 
[7]. The solution to this equation may be written explicitly 


With 6; and 6, known, the problem is completely determined. 
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strumentation is now being constructed: 


1 Temperatures and winds at altitudes in the range 30- 
100 km by the grenade method (University College, London). 
Microphones will be sited at convenient points over a large 
area. The grenade flashes will be detected by ground based 
photomultipliers which will be slaved by tracking equipment 
during daytime firings. 

2 Winds at altitudes in the range 20-70 km (Imperial 
College) by the radar tracking of window (chaff) released from 
rocket. 

3 The sodium vapor experiment (Queens University, Bel- 
fast). The sodium emission will be studied by an inter- 
ferometric method. 

4 Day and night airglow (Queens University, Belfast). 
A group of five photomultiplier tubes will be flown under a 
jettisonable nose cone, and filters will be used to restrict 
measurement first to the oxygen green line and later to the 
oxygen red line. 

5 Ion mass-spectrometer (University College, London). 
A mass spectrometer probe will be carried under a jettisonable 
nose on an extendable support, and will be used to measure 
the nature and abundance of atmospheric ions. 

6 Absolute concentrations of electrons and ions (Univer- 
sity of Birmingham). Details have still to be decided but in 
principle the proposal is to apply a voltage pulse between 
two probes and to measure the resulting pulses of electrons 
and positive ions. 

7 Electron densities by radio propagation methods 
(University College Swansea and Royal Aircraft Establish- 
ment). Both aC. W. method based on the doppler tracking 
system, and a pulse method are being developed for the 
measurement of electron densities. 

8 Pressures and temperatures (Royal Aircraft Establish- 
ment). Various types of pressure gages are being developed; 
whenever possible ram and cone wall pressures will be meas- 
ured in flight. 

The execution of the experiments at Woomera is being made 
possible by the willing cooperation of the range staff of the 
Weapons Research Establishment, Adelaide. 
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British High Altitude Rockets 


(Continued from page 289) 


PHYSICISTS 


and 


MATHEMATICIANS 


How do your special skills 
fit into the 
Aircraft Nuclear Propulsion picture 
at General Electric 


Many physicists and mathematicians who recognize the 
exceptional promise of a career in General Electric's 
fast growing Aircraft Nuclear Propulsion Department 
have asked if their skills can be used in this significant 
project. 


If you are qualified to work on: 


Thermodynamic and Air Cycle Analysis 
Reactor Analysis 
Shield Physics 
Nuclear Instrumentation | 
Applied Mathematics 
Digital and Analog Computer 
Theoretical Physics 


you can move now into major assignments in the de- 
velopment of nuclear propulsion systems for aircraft. 


You do not need previous nuclear experience. Through 
General Electric's full tuition refund plan for advanced 
university courses and inplant training conducted by 
experts, you'll acquire the necessary nucleonics knowl- 
edge. 


The field itself assures you a rewarding future, but, more 
than that, the physicist or mathematician who likes to 
work in a top-level scientific atmosphere will appre- 
ciate General Electric’s encouragement of creative 
thinking, its recognition of accomplishment. 


Comprehensive benefit program ® Periodic merit reviews 
Excellent starting salaries * Relocation expenses paid 


Openings in Cincinnati, Ohio 
and Idaho Falls, Idaho 


Write in confidence, stating salary requirements, 
to location you prefer: 


Mr. J. R. ROSSELOT Mr. L. A. MUNTHER 
P. O. Box 132 | P. O. Box 535 
Cincinnati, Ohio | Idaho Falls, Idaho 
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Towerin the American scene, the 
gantry is not an uncommon sight 
at rocket research sites. But that 
same shape silhouetted against 
the sky near Denver takes on 
added significance. 


This is the home of the ICBM, 
Titan ...and of the men 
entrusted with its development. 


We need more men to assume 
that responsibility. This 

is a vitally important job and 
offers benefits commensurate with 
such a challenge. 


Contact us about shaping your future. 
Write to Emmett E. Hearn, 
Employment Director, Dept. J-03, 
P.O. Box 179, Denver 1, Colorado. 


AUNCHING site of tomorrow’s 


satellites and weapons, Patrick 
AFB (Fla.) is the biggest missile test 
center in the United States. 

Its tracking range stretches all the 
way from Station 1 at Cape Canaveral 
(Fla.) 4400 niles out over the Bahamas, 
Puerto Rico, the Windward Islands 
and Fernando De Noronha Island to 
Ascenscion Island in the South Atlantic 
about half way between South America 
and Africa.* The length of the range 
makes it suitable for testing all big 
U. S. missiles now under development 
or planned. 

But while the range itself is adequate, 
some of the range facilities are being 
pressed hard to keep pace with the 
ever-increasing demands now being 
placed upon them. 

Miles per Ton: Consuming chem- 
icals at rates like six tons/minute, for 
example, the new missiles are straining 
Patrick fuel facilities to the limit, 
creating some unusual and major 
problems in storage, handling, and 
manufacturing. As witness: 

To by-pass a difficult transportation 
problem, the government built its own 
liquid oxygen plant at Cape Canaveral. 
But with the step-up in the U. S. 
missile program, capacity of the plant 
—10 tons of lox per day—has already 
proved too small. Consequently, the 
government soon plans to build a new 
and larger lox plant. 

Handling the propellants is another 
ticklish proposition. Most of them are 
either toxic, corrosive and/or explosive. 
Eye sprays, emergency showers, match 
checking, etc., at the change house are 
only a few of the precautions taken in 
the propellant area at Cape Canaveral. 

In addition, the men that actually 
handle the propellants are generally 
sheathed in protective clothing of 
asbestos and rubber with plastic hel- 
mets or visors. While effective, such 
clothing is usually cumbersome, tends 
to seriously cut down the wearer’s 
agility. 

It Costs to Be Safe: Storage of 
missile propellants is, perhaps, the 
biggest problem. And, if it is to be 
done safely, it is expensive. 

Propellants handled at the AFMTC 
fall into two basic groups: fuels and 
oxidizers. Among the oxidizers cur- 
rently in use are hydrogen peroxide, 
liquid oxygen, and nitric acid. The 
present propellants range from RP-1 
(rocket propellant-1, which is a highly 
refined kerosene) thrdugh chemicals 
such as furfuryl alcohol, aniline, and 
anhydrous ammonia up to one of the 
most recent developments, Udetta (a 


* Saint Helena, British island in the South 
Atlantic reportedly available to U. S., would 
extend range to approximately 5000 miles. 
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DISPOSAL OF CONTAMINATED FUEL requires skill and TESTING FOR CONTAMINATION of propellant goes on con- 
patience. Trainee watches while three experienced men actually tantly. Here, workers take a sample of red fuming nitric acid, 
do the job. an extremely corrosive and toxic oxidizer. 


7 


CHECKING HYDROGEN PEROXIDE, SPILLED ACID MUST BE WASHED away immediately. Drains (beneath iron grills) 
worker seeks ‘‘hot drums’’ which must be and hoses are provided in propellant storage areas for spillage while showers are con- 
disposed of before they ignite. veniently located for cleaning acid-contaminated clothing. 


of 


SEVEN SECONDS IS MAXIMUM TIME men have to wash acid LEAVING THE ACID AREA after 


~ 
an afternoon’s work, pro- 
out of eyes. Special eye fountains are located near each area pellant handlers head for the ‘‘change house.’’? Here they’ll 


where handlers have to work with toxic or corrosive propellants. 
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wash, change clothes, and light up that long-awaited cigarette. 
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ton’ for Guided Missil 
‘Gas Station’ for Guided Missiles 
a 
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TEST EQUIPMENT 


The Test Equip 9 is engag 
primarily in the design of specialized missile 
check-out equipment. As missiles push the 
state of the art, test equipment must excee 
the missiles in precision and reliability. Auto- 
matic programing, go-no-go evaluation, and 
automatic data processing add up to auto- 
mation in missile testing. 

This engineer is evaluating his design o 
a precision power supply—one of the build- 
ing blocks that will be system engineered 
into a family of versatile matched missile 
and sub-system test equipment. Engineers 
work as individuals. 


HYDRAULIC DESIGN 


Excellent opportunities are available for the 
engineer to observe the performance of his 
design. Here, under the watchful eyes of its 
designer, a hydraulic power unit is under- 
going adjustment and setting prior to severe 
testing at simulated high altitude conditions. 

Many components, which a few months 
ago seemed almost impossible to design, 
are now being tested under the severe con- 
ditions required to qualify them for flight 
Operation—and passing with flying colors. 


STEERING INTELLIGENCE 


Two Steering Intelligence Engineers discuss 
space allotment in a new guidance com- 
ponent. This close association of engineers 
with the “flying” equipment is typical of the 
Steering Intelligence Section. Engineers in 
this section are primarily and directly con- 
cerned with refining the guidance equipment 
to steer the missile with greater accuracy, 
at greater ranges and with simpler and,more 
reliable electronic equipment and, con- 
sistently, with minimizing the cost. Work is 
actively in progress in every principal field 
from microwave equipment to inertial end 
instruments. 


Bendix Products Division—Missiles 
413L Bendix Drive, South Bend, Indiana 


Gentlemen: | would like more information concerning opportunities in guided 
missiles. Please send me the booklet “Your Future In Guided Missiles”. 


PRIME CONTRACTOR 
FOR TALOS MISSILE 


Offers more interesting 
and challenging 


If you are interested in guided missiles, you 
will be especially interested in Bendix. As 
prime contractor for the important and 
successful Talos Missile, the job opportunities 
here cover the widest possible scope, and the 
opportunities for advancement are practically 
unlimited. 


Here is a compact, hard-hitting organization 
backed by all the resources of the nation-wide 
Bendix Aviation Corporation—an organiza- 
tion dedicated to the design and production 
of the finest in guided missiles. 


If you can accept a challenge, want an oppor- 
tunity to grow with a leader in its field, and 
can accept the responsibility that goes with 
opportunity, send for the thirty-six-page book 
“Your Future in Guided Missiles”. It gives 
the complete, detailed story of the function of 
the various engineering groups and the many 
job opportunities available for you. 


Just fill out the coupon. It may help you plan 
a successful future in the guided missile field. 


NAME 

ADDRESS 
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mixture of unsymmetrical dimethyl 
hydrazine and diethylene triamine). 

Fuels and oxidizers, of course, must 
be separated from each other and, in 
some cases, completely isolated. Then 
there are the solid propellants which 
also must be set apart. Too, the con- 
ditions under which propellants must 
be stored are sometimes critical. 

Red fuming nitric acid, for example, 
can be stored only in high purity 
aluminum drums. Ethylene oxide must 
be delivered and stored under refrig- 
eration at 40 F; at 86 F it breaks down 
chemically or polymerizes. Hydrogen 
peroxide is stored in isolated buildings 
made of steel-reinforced concrete, well 
ventilated, and with built-in sprinkler 
systems and drain networks. 

Touch and Go! Hydrogen per- 
oxide, particularly, is treated very 
tenderly at Patrick. Propellant han- 
dlers scrub down the peroxide con- 
tainers each day, and carefully check 
for what they call “hot drums’”—drums 
in which hydrogen peroxide has started 
to decompose chemically and generate 
heat. If not caught in time, this heat 
buildup would lead to a violent ex- 
plosion. And all it takes to get this 
dangerous chain reaction under way is a 
large speck of dust. 

The fact that there hasn’t been one 
major accident at Patrick attributable 
to propellants in six years of missile 
operation reflects creditably upon range 
contractor Pan American World Air- 
ways and, in particular, upon the work 
of the missile propellant section. But 
with the increased emphasis recently 
placed on this country’s missile program, 
their work is just beginning. 


Harvard Gets New 
Guggenheim Center 


HE Daniel and Florence Guggen- 
heim Foundation has made a 
$250,000 grant to Harvard University 
to establish the Harvard-Guggenheim 
Center for Aviation Health and Safety. 
Scheduled to start operations with the 
beginning of the 1957-1958 academic 
year, it is the fifth aviation research 
center established by the Foundation 
since 1949 and the first to be devoted to 
problems of health and safety. 

Scientists at the new center will study 
human responses to extreme speeds, 
altitudes, temperatures and toxic agents, 
both in flight and on the ground. They 
will also carry out basic research on pre- 
vention and control in these areas. 

The center will serve to give advanced 
training to physicians, biological scien- 
tists, and aeronautical epgineers. In the 
approach to any problem, these men will 
work asa team. In addition, the center 
will function as a clearing house for 
technical information on aviation health 
and safety and will attempt to unify 
basic research in these fields. 
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Pictures 


LACROSSE 


A solid propellant, surface-to-surface 
guided missile, the Lacrosse is de- 
scribed as an extremely accurate all- 
weather weapon. The vehicle, de- 
signed for the field artillery to supple- 
ment conventional air or ground at- 
tack, can be fired from a launcher 
mounted on a standard army truck 
with a rapidity comparable to that of a 
105-mm howitzer. Army has awarded 
Martin Co. a production contract for 
the missile which was designed and de- 
veloped by Cornell Aeronautical Lab- 
oratory, Inc. 


X-10 Along with the first pictures of North American Aviation’s X-10 unmanned 
test vehicle comes word of the conclusion of the flight test program at Patrick 

_ AFB. Powered by two turbojets, the X-10 was used to prove out guidance 
and control systems and aerodynamic design of the rocket-boosted, ramjet- 
_ powered SM-64 Navaho, an Air Force intercontinental strategic guided missile. 
With the conclusion of this test phase begun in 1945, North American is 
starting operations on the Navaho itself. Designated a surface-to-surface 
_ missile, the SM-64 will travel at supersonic speed and very high altitudes. 


... and 
New 
Models 


| 


MATADOR 


Second of the Martin series, the TM- 
61B is about 5 ft longer, has a greater 
range and a better guidance system 
than the original Matador. Moreover, 
its wings can be folded back, thus per- 
mitting it to be towed into action more 
quickly and easily. Assigned to the 
Air Force, the new surface-to-surface 
missile is 44 ft long, 54 in. in diam, and 
has a wing span of 22.9 ft. Itis boosted 
into the air by a rocket and then 
powered at 650 mph bya J-33 jet engine. 


X-17 


Used to obtain data on the critical re- 
entry problem, the X-17 is a three-stage 
ballistic rocket which weighs more than 
6 tons and stands as high as a four- 
story building. Produced by Lockheed 
Aircraft Corp., this test vehicle costs 
considerably less than the long range 
weapons it simulates. The vehicle 
passes through the sound barrier and 
into the ionosphere ‘‘within seconds.’’ 


RASCAL 


FALCON 


A radar-guided supersonic missile, the 
GAR-1D is the latest version in the 
Falcon family of air-to-air rockets. 
The weapon is designed for use by all- 
weather jet interceptors against high 
flying enemy bombers. Slightly over 
6 ft long, the Falcon has an air frame 
diameter of approximately 6 in. and 
weighs less than the average man. 
Range of the missile is ‘‘measured in 
miles.’? Hughes Aircraft Co. is manu- 
facturing the weapon in Tucson. 


Designed for use against tactical or 
strategic targets, the GAM-63 Rascal 
is a long range, rocket-powered, air-to- 
surface guided missile. An offspring 
of the Shrike (Jer PRoputsIon, Feb., 
Cover), the Rascal is produced for the 
Air Force by Bell Aircraft Corp. 


( 


‘ 


bed 
: 
: 
= 
= 
2 
— 4 
r= 4 
- * 
: 
2 
t 
4 
3 


HE advantages of using ozone as an 
oxidant for rockets were recognized 
early. But success hinged on a process 
to make high concentrations safely. 
_ The past was full of reports of spon- 
taneous and unpredictable explosions. 
Many researchers finally concluded 
that 100 per cent ozone (as a gas or 
liquid) couldn’t be made, let alone 
safely handled. But then came a 
technological break-through and_ the 
evidence began piling up: Impurities 

were causing most of the troubles; get 
_ rid of impurities and safe ozone might 
_ be possible. 

In 1948, Armour Research Founda- 
tion joined Linde Air Products and the 
Air Reduction Co. (Murray Hill, N. J.) 
in an attack on the problem. The early 
phases of the Armour work were spon- 
sored by Airco and the U.S. Air Force. 
In 1955, Armour reported production of 
100 per cent gaseous and liquid ozone 
free of sensitizing elements and com- 
pounds. 

Although patent proceedings did not 
permit all details to be revealed, the 
trick seemed to be in getting pure oxygen 
to start with, since even so-called pure 
cylinder oxygen or lox (liquid oxygen) 
had enough trapped impurities to cause 
trouble later. Once impurities dropped 
below 20 parts per million, safe 100 
per cent ozone was possible. More- 
over, in 1955 Linde was able at last to 
list the properties of ozone with a fair 
degree of accuracy (see table: Proper- 
ties of Ozone). 

Process Key: Essentially, the pro- 

- duction of ozone rests upon the reaction 


Ozone: Ominous, Omnipotent 


of three oxygen molecules (O2) to pro- 
duce two molecules of ozone (Qs). 
The energy—34.5 kilocalories per mole 
of ozone—is supplied in a silent elec- 
trical discharge. In commercial ozone 
generators, oxygen passes over insulated 
and separated plates charged to about 
10,000 volts. 

Ozone condenses to form a blue liquid 
that (unlike liquid oxygen) is non- 
magnetic. It has a very pungent 
odor, which may be detected at a con- 
centration of 1 part per 500 million. 

Present applications take advantage 
of ozone’s oxidizing properties; e.g., 
purification of drinking water, deodor- 
ization, bleaching, etc. 

Toxic and Touchy: Unlike oxygen, 
ozone is toxic in very small concentra- 
tions. The safety level for humans 
working with ozone in industrial appli- 
cations is considered to be 0.1 part per 
million. However, in a recent Armour 
experiment, an Air Force physiologist 
breathed 8 parts per million of ozone 
for one hour. He survived but his 
breathing capacity was reduced about 
50 per cent. Severe lung irritation in 
less than one hour may result in sensi- 
tive persons at concentrations of about 
2 parts per million. Swelling of the 
lung tissue starts at about 4-5 parts 
per million. The conclusion is that 
even low ozone concentrations can 
produce harmful effects in humans. 

Since the decomposition of ozone 
into molecular oxygen does not involve 
combustion, even pure ozone is tough to 
handle. Ozone mixed with oxygen has 
only one explosive limit (as opposed to 
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Ozone vs. Oxygen 


In this comparison of the rocket performance of ozone and oxygen, JP-4 is the fuel con- 


sidered. Extension of ozone bars represents J,, X density. 
contracted bar is result of a system density less than 1. 


In the case of oxygen, 
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Courtesy of Armour Research Foundation 


One way to 100% liquid ozone 


Properties of ozone 


Boiling point —111.9C 
Melting point —192.8C 
Critical tempera- 

ture —12.1C 


Critical pressure 54.6 atm (abs) 


Density of liquid 


@ -—183C 1.57 g/ml 
Critical solution 

temperature! 

(in lox) -—179.9C 


1 Above this temperature, liquid ozone 
and lox are miscible in all proportions. 


the familiar upper and lower limit for 
combustibles). This limit is said to 
depend on the pressure, temperature, 
shape and dimensions of the container, 
type and contact surface area, and the 
exciting energy. 

When the temperature is —180 C or 
higher, the safety limit is about 30 per 
cent by weight. Above the safety 
limit, the explosion violence increases. 
Present belief is that 100 per cent ozone 
would give the most violent reaction. 
Handling as a gas or storage in a liquid 
solvent just hasn’t worked out. Oxy- 
gen looks like the best “solvent” so far. 
Above —180 C, liquid ozone and lox are 
miscible in all proportions. 

In the ozone-oxygen 
handling, there are some 
hazards aside from the ever-present 
contamination problem. Leakage of 
oxygen diluent is bad because when the 
more volatile oxygen evaporates, the 
ozone concentration fast builds to a 
danger level. On the other hand, 
deep refrigeration is also bad since it 
might lead to separation of phases. 
Another important problem is shock. 
Compress a bubble and the liquid 
might be detonated by a gentle blow. 
Even in a super-pure system, one small 
point of contamination could lead to a 
reaction violent enough to trigger off 
the whole mass. 

Rocket Oxidant? Whether or not 
enough ozone has trickled from the 
still to run a rocket motor is any- 
body’s guess. But Armouf has always 
kept in mind the potential of ozone as a 
rocket propellant. And, among others, 
North American Aviation’s Rocketdyne 
Division has analyzed ozone’s probable 
performance as an oxidant with JP-4 


method of 
unusual 
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fuel in a rocket motor (see graph: 
Ozone vs. Oxygen. Ozone’s greater 
density, among other properties, seems 
to give it a definite advantage over 
oxygen as an oxidant.) 

Air Reduction Co. is also reported 
to be interested in high concentration 
ozone. And, Princeton University has 
been working for almost three years 
(under an Air Force contract) on an 
evaluation of liquid ozone-oxygen mix- 
tures as oxidizers for rocket propellants. 
Most details of the still-active Princeton 
project are classified. 

On the other hand, Linde is con- 
vinced ozone has considerable industrial 
potential but is frankly uncertain about 
its propellant value. While high purity 
decreases the probability of detonation, 
it is by no means a cure-all to ozone 
problems. Linde still advises handling 
ozone behind sturdy barriers. And, 
adds Armour, although safe handling of 
ozone is now a distinct possibility, more 
basic work is needed to turn it into an 
actuality. 

And, significantly perhaps, at the 
Armour-sponsored International Ozone 
Conference recently held in Chicago, 
while only one rocket firm, Aerojet- 
General, was listed as a cooperating 
company, all major aircraft companies 
engaged in rocket research were in 
attendance. 

Thus, while ozone seems to hold a 
great deal of promise as a rocket pro- 
pellant, it is apparently still too early 
to measure laboratory promise against 
operational performance. As one wag 
observed: You can put ozone in a 
rocket, but do not shake well before 
using! 

MISSILES 
e In the proposed budget for Fiscal 
1958, President Eisenhower has _re- 
quested $2646 million in new obliga- 
tional authority (money authorized by 
Congress for spending) for guided mis- 
siles—approximately $346 million more 
than the comparable request for 1957. 
This plus the $331.8 million to be au- 
thorized for research and development of 
guided missiles and related equipment 
will bring proposed missile expenditures 
for 1958 to a record-setting $2978 mil- 
lion. (For additional details, see box: 
More Money for Missiles.) 
e International control of the “outer 
space” missile and satellite development 
was proposed by President Eisenhower. 
The proposal is to be submitted to the 
United Nations as a part of a U. S.- 
sponsored disarmament program. 
e An unconfirmed report claims that a 
Thor IRBM launching met with failure 
at a recent test in Florida. No casualties 
were reported. 
e Our long range missile proving ground 
in Florida has been tied up by a strike of 
900 range employees. The Air Force 
range is run by Pan American Airways 
with headquarters at Patrick AFB. 


Marcu 1957 


e Although not specifically named, 
static testing of the Polaris IRBM mis- 
sile may be carried out at the new Lock- 
heed Missile Systems Division’s 4000- 
acre site. The $1-million facility will 
have four test areas and is located on the 
coastal side of a mountain about 15 
miles from Santa Cruz, Calif. Con- 
struction will get under way in mid 1957. 
e The new TM-61B Matador missile is 
now carried by a new transporter and 
launcher (see p. 299). Both tractor and 
trailer are equipped with pillow-type 
tires enabling the missile to get off the 
beaten path. The eight-wheel-drive 
“Teracruzer’’ is built by the Four 
Wheel Drive Auto Co. and the semi- 
trailer ‘“Translauncher’”’ by Goodyear 
Aircraft Corp. 

e An adjunct to the ICBM weapons 
system may be a photo-recon missile. 
Such a “‘snooper’’ missile might be neces- 
sary, for example, to find out if an 
ICBM had hit its target. According to 
the Fairchild guided missile group, 
study programs for this type of missile 
are under way. 

e Hawk is slated for a bomber defense 
missile. The 9-in-diam bird (appar- 
ently powered by a solid propellant 
rocket) is about 10 ft long and closely 
resembles Falcon. Cornell Aeronautical 
Laboratory is systems manager for the 
new weapon which was originally de- 
veloped by Raytheon as Hawk I. The 
new missile has been fired from rocket 
sleds at Holloman AFB, N. Mex. 

e Navy has awarded Bendix Aviation 
Corp. a $27 million contract for the pro- 
duction of Talos. Bendix will make the 
missiles at the Naval Industrial Reserve 
Ordnance Plant (Mishawaka, Ind.) 
which the company operates for the 
Navy. An offshoot of the Bumblebee 
program (Jet Propuuston, Feb. 1957, 
p. 180), Talos was developed under the 
technical direction of The Johns Hop- 
kins University’s Applied Physics Lab- 
oratory. 

e On a recent trip to Bendix’s Misha- 


waka plant, APL’s Fletcher Paddison 
created quite a stir when he lost a brief- 
case full of papers described only as “‘dy- 
namite.”’ The briefcase vanished while 
Mr. Paddison was making a telephone 
call in the Illinois Central Railroad sta- 
tion inChicago. The Federal Bureau of 
Investigation joined the Chicago police 
in a search for the missing documents, 
soon turned up the briefcase, presum- 
ably intact, in a garbage can. 

e Temco Aircraft Corp. (Dallas) has 
received a $16-million contract from the 
Navy Bureau of Aeronautics for the 
development of a new guided missile 
weapon system. Details of the system 
are classified. 

e The Air Force has negotiated cost- 
plus-fixed-fee contracts with missile- 
makers Martin, Convair, and Douglas 
which previously had been operating 
under letter contracts. Contracts cover 
design, fabrication, and testing costs of 
Martin’s Titan ($358 million), Con- 
vair’s Atlas ($145 million), and Douglas’ 
Thor ($67.5 million). 


AIRCRAFT 


e Retirement of the last North Ameri- 
can F-51 Mustang on Jan. 27 marked 
finis to the era of propeller-driven 
fighter planes. All USAF fighters are 
now jet propelled. 

e Flown for the first time late last 
December, the Convair F-106A is now 
undergoing further flight testing at 
Edwards Air Force Base. Designed to 
operate at stratospheric altitudes and in 
all kinds of weather, the F-106A is the 
Air Force’s newest jet interceptor. 

e According to the Aircraft Industries 
Association of America, a new ‘‘water 
squeezer” now under development will 
be able to halt high speed jet planes 
without damage in less than 300 ft. 
Similar to the hydraulic arrester in use 
on the government’s SMART high 
speed test track (Jer Propunsion, Oct. 
1956, p. 894), the first unit is scheduled 
for delivery to the military in the near 
future. 


More Money for Missiles ; 
Government Expenditures in Millions of Dollars : 
1958 (est. ) 1957 (est.) 1956 
2370 1852 1449 
Research & Development 331 346 280 
Procurement 2039 (2646)! 1506 (2300) 1169 (?) 
Army 
R&D : 87 109 112 
Procurement 562 (425) 425 ( 333 (?) 
Navy 
R&D 168 146 95 
Procurement 264 (428) 221 (352) 195 (238) 
Air Force 
R&D 76 91 73 
Procurement 1213 (1793) 860 (1948) 641 (700) 
1 Figures in parentheses represent new obligational authority as opposed to expendi- 
tures. 
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MODELS PL80 
PM80 
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‘flow measurement 


Rocket Engine Stands 
Hydraulic System Tests 


Nuclear Reactors 


the flow of liquids and 
gases is being measured by 
connecting Model PL80 and 
Model PM80 pressure trans- 

ducers across an orifice. 


Ranges 
+1 to +3000 psid and 0-1 to 0-3000 p: 


Line Pressure Rating 
5000 psig 
Pressure Media 
Fluids not corrosive to 
Types 303 and 347 stainless steel 
Transduction 
Resistive, Statham unbonded strain gage 


For additional data, please request 
Bulletin Nos. PL80TC and PM80TC 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 


e Among other aircraft, the Boeing B-52 
(see photo) is now equipped with a new 
filter which removes contaminants from 
the air (bled from the jet engine turbo- 
compressors) used to pressurize the 
cabin of the high altitude craft. The 
contaminants, adds filter-maker Mine 
Safety Appliances Co., result from de- 
composition of engine lubricants. 

e In what was described as “‘a multiple- 
destination training mission,”’ a flight of 
B-52 jet bombers recently completed a 
24,325-mile, nonstop, round-the-world 
trip at an average speed of 525 mph. 
Aerial tankers refueled the planes 
enroute. 

In the near future, B-52’s will be 
equipped with two external fuel tanks, 
each with a 600-gal capacity. Pastushin 
Industries, Inc. (Los Angeles), has 
already received its first tank contract 
from Boeing. 

COMPANIES 
e Inert motor assemblies for the Side- 
winder missile are being supplied by 
Norris-Thermador Corp. of Los Angeles. 
Large-scale production is under way. 
e A half million dollar study contract 
for a new type of air-to-ground rocket 
was awarded Minneapolis-Honeywell 
Regulator Co.’s Missile Control Center 
at Los Angeles. The ARDC work will 
include design, mock-ups, and wind tun- 
nel models. Test work will be at Eglin 
AFB, Fla. The rocket is to be carried 
by fighter aircraft. 
e Production of guidance and control 
units for the Terrier missile will be car- 
ried out by Convair for the Navy under 
a $29-million contract. Production site: 
Pomona, Calif. 
e In support of Thor IRBM develop- 
ment, Douglas Aircraft received $1.305 
million for facilities near Nimbus, Calif. 
Douglas will contribute another $3 mil- 
lion for the 1700-acre site near Sacra- 
mento adjoining the Aerojet-General 
rocket motor test grounds. 
e Demonstration of Rokide ceramic 
spray coatings for the California missile 
industry will be possible at Norton Co.’s 
Santa Clara plant. Purpose: coat test 
pieces, production coat small lots, and 
train operators. 
e Plans for a 55,000 sq ft, million dollar 
plant in eastern Nassau County (N. Y.) 
were announced by Servomechanisms, 
Inc. The plant will house engineering 
and production operations of the Sub- 
systems Group. 


e Acquisition of a 2000-acre tract near 


Pheonix, Ariz., will provide Taleo Engi- 
neering Co. with test and firing ranges 
for cartridge actuated devices and 
rockets. First slated for completion 
will be a rocket sled track. 

e Backlog of the special computer sys- 
tem for the Titan ICBM has resulted in 
the leasing of a 20,000 sq ft plant at 
Anaheim, Calif. The new site will house 
the Scientific Instruments Div. of Beck- 
man Instruments. 

e Construction of a half million dollar 
engineering and laboratories building 
was revealed by Ryan Aeronautical Co., 
San Diego, Calif. 

e Manufacture of Nike “elevons” will 
be carried on by Kellett Aircraft Corp., 
Horsham, Pa., for Douglas Aircraft 
Corp., Charlotte, N. C. 

e Altec Lansing Corp., Anaheim, Calif., 
has started work in the field of high 
intensity sound. The program will in- 
clude basic research and development 
projects, as well as test equipment 
suited to the noise problems faced by 
aircraft and missile industries. 

e To increase its organizational and 
operational efficiency, Sperry Gyroscope 
Co. (Great Neck, N. Y.) has split off two 
new divisions, Air Armament and Sur- 
face Armament. 


FOREIGN 


England: Britain’s guided weapons 
industry is on tenterhooks at pres- 
ent to know what the effect will 
be on it of talks that new Defence 
Minister Sandys had with his Ameri- 
can opposite number, Mr. Wilson, and 
with Pentagon service experts during 
his visit that ended on February 2. 

It has been widely rumored in 
Britain, on the basis of information from 
American sources, that he would be 
offered Nike and Talos for the defence of 
Britain. British firms fear that this 
might put many of their own factories 
out of business, especially if the offer 
were coupled with others of American 
fighters. 

There has also been talk of Britain 
getting Thor and shorter range weapons 
in addition to the Corporal. In no case 
would such an arrangement put men out 
of work because Britain has no com- 
parable projects in a production stage. 
A good deal of work has gone into the 
development of longer range missiles, 
however, and British workers would 
hope that there, as in the surface-to-air 
and air-to-air fields, they might have 
something to contribute in return for 
U.S. help. 

e First test of the British Skylark 
rocket is to be made at the Woomera 
test range in Australia. Power for the 
Bristol vehicle is a Raven solid propel- 
lant rocket motor delivering 11,500 Ib 
for 30 sec. The motor case and nozzle 
is 16 ft 10 in. long and has a diameter of 
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17 in. The 25-ft-long Skylark is ex- 
pected to reach an altitude of 70 miles 
with an eventual try for 120 miles. 

e Spaghetti-type construction is em- 
ployed in the Royal Aircraft Establish- 
ment (Wescott, England) rocket motor 
delivering 50,000-lb thrust. Propellants 
are kerosene and lox. Motor is fabri- 
cated of 32 welded, hollow, stainless 
steel sections. The kerosene serves as 
coolant. 

France: Rocket-powered Trident-2 

aircraft has hit a speed of 1242 mph 
in tests over France. The three-bar- 
rel rocket engine, plus two turbojets 
on the wingtips, give the plane a de- 
sign capability of about Mach 2. 
The French craft has already reached 
an altitude of 59,000 ft. 
e After a successful 25-min flight on 
December 26, the Leduc ramjet 022 
is getting set for new tests aimed at 
hitting a speed of 2485 mph. The 022 
tips the scale at 13,200 lb (about !/3 
fuel). Length is 56 ft; over-all height 
is 15 ft. The ramjet powerplant is 39 
ft long and has a diameter of about 6 ft. 
Sea level thrust of the ramjet is esti- 
mated at about 132,000 lb. 


Italy: Airone solid propellant 
rocket will be used by the Japanese 
Air Force to arm its F-86F inter- 
ceptors. The rocket has a range of 
about 6500 ft and is made by the 
Italian firm of Polverifici Stachini, 
Rome. 
¢ Another Italian rocket, a prototype of 
a ground-to-air missile, is being tested 
on Sardinia. Called the AR-15, the 
liquid propellant (auto-feed) rocket is 
being developed by Whithead-Moto- 
fides, Leghorn. 
Development of an air-to-air, in- 
frared guided missile is being under- 
taken by Centro Italio per la Pro- 
pulsione a Reazione, Turin, under 
USAF contract. 

Designation for a Soviet 
sub-launched missile is 
Comet I. Range of the solid propel- 
lant rocket is 50-70 miles. Also under 
development is an improved model 
with a range of 500-750 miles. 

® Regular firings of an 800-1000 mile 
range Russian IRBM have been re- 
ported. Shots at the rate of several per 
month have been taking place in Siberia 
and the Ukraine. 

® Two missiles, believed to be of Soviet 
origin, were publicly displayed at an 
astronautical exhibit in Poland. One 
was a large, single-stage solid propel- 
lant rocket 20-25 ft long with a diam- 
eter of 15-20 in. Another was a two- 
stage combination, said to be capable 
of reaching Mach 4. The first stage 
uses a cluster of three rockets of 4-6 in. 
diam and 6-8 ft long. The second 
stage consists of one highly streamlined 
unit of 8-12 in. diam and about 6-8 ft 
long. 
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PHYSICISTS « GAS DYNAMICISTS 
ELECTRICAL and MECHANICAL ENGINEERS 
for 


OSTICATION DYNAMICS 


PROPHECY ANALYSIS 


These are not really the titles that Republic Aviation uses to 
describe the work of its Dynamics Analysis Section — but 
they justifiably could be. 


Why? 


Because the work involves the analysis of controls systems 
in the proposal and design stage — before the mathematics 
and engineering principles ever take concrete form.* 


In Republic’s Dynamics Analysis Section you will find some 
of the best engineering and physics minds in the country. 
They work in sinall groups predicting the performance and 
guiding the design of control complexes for advanced jet- 
craft and missiles— complexes based on electronic, pneu- 
matic, hydraulic and thermodynamic units. 


Openings still exist at Republic for engineers and physicists 
well grounded in fundamentals. You will find opportunities 
for using servo design techniques, analog computer methods 
and the strategems of operations analysis — as well as the 
more orthodox mathematical tools —in solving problems of 
varied and stimulating nature. 


Training or experience in servo mechanisms is essential, 
knowledge of analog computer techniques and operations 
analysis desirable. 


Discriminating prophets know that Republic offers the best 
in professional development, security, working and living 
conditions. Long Island with its beaches and parks, facilities 
for every type of recreational activity, nearness to major 
cultural centers, and with its refreshingly new communities, 


represents graceful living at its best in the East. - 


To discover more of the opportunities at Republic, send - 
complete technical and personal resume to: ; 


Mr. George Hickman, Engineering Employment Manager 


SPE 
FARMINGDALE, LONG ISLAND, NEW YORK 


*Our professional prognosticators have a record to be proud of —development of 
Republic’s famous Thundercraft, latest of which is the incredible F-105 Thunder- 
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© Existence of a Soviet 85-mm rocket 
was revealed in Egypt. Among a 
large shipment of arms, the British 
found this antitank rocket gun. The 
recoilless weapon is spin-stabilized and 
launched from a portable barrel. 


RESEARCH AND DEVELOPMENT 
e New uses for heat have recently been 
mentioned. Radiating the heat gen- 
erated by speeding aircraft will reduce 
temperatures from 6000 F to a skin 
temperature of 800 F. Flying at Mack 
8, future aircraft will glow a brilliant 
red, say North American Aviation en- 
gineers. Radiation cooling was claimed 
to be better than any man-made cooling 
system. The Army has harnessed heat 
to come up with a novel photographic 
system. In the process, an aluminum 
plate is coated with a vinyl plastic. The 
coated plate is placed under a negative 
and exposed to a strong ultraviolet 
source (such as a mercury are light) for 
5 sec. An invisible image is burned 
into the plastic. The exposed print is 
then baked for 5 min at 320-350 F to 
produce a finished print. The process 
was discovered by Ferro Chemical 
Corp., and development work was 
carried out by the Signal Corps En- 
gineering Laboratory at Fort Mon- 
mouth, N. J. The process is unaffected 
by gamma radiation, and does not need 
a darkroom, chemicals, or water supply. 


e A guidance system developed by 
Minneapolis-Honeywell is claimed to be 
foolproof and detectionproof. Tagged 
the “siderial equatorial mount,” the 
unit (see photo) will use the stationary 
North Star as a reference point in keep- 
ing missile and rockets on target. 

e Tospeed research on the Thor IRBM, 
Douglas Aircraft has ordered a 200- 
channel transistorized data-processing 
system from Beckman Instruments, 
Inc. Douglas will use the equipment to 
monitor up to 200 individual thermo- 
couples and strain gages attached to 


e Ata recent meeting of the Steamship 
Historical Society of America, Maritime 
Administrator Clarence G. Morse peered 
into the twenty-first century, saw 
there fleets of nuclear-powered jet sub- 
marine freighters and tankers operating, 
by remote control, at speeds of 50 to 60 
knots. 


e Republic Aviation Corp. recently 
signed a design contract with Burns and 
Roe, Inc., for a new million dollar wind 
tunnel facility (see sketch). The facility 
will consist of one transonic tunnel, one 
supersonic (Mach 4) tunnel, and two 
tunnels of the intermittent blowdown 
type. 


TRANSONIC AND SUPERSONIC BLOW DOWN WIND TUNNEL FACILITY 


missile parts under tests. 


0 TO 3000 PSI 


WITH THE 
Proven 
Superior in 
Comparative | HI1/LO HAND LOADER 
Tests 
GENERAL SPECIFICATIONS 
Port Size | 1/4” tube per AND 10056 
Pressures | Operating — 100-3000 psi 
Proof —6000 psi 
CORPORATION Burst—7500 psi Minimum 
1717 N. Chico Ave. « El Monte, Calif. Flow | Exceeds any other 
Operating loader available 
WRITE TODAY for complete details | Temperatures | — 65° to + 250°F 
Weight pounds 
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RESEARCH ENGIVEERS 


Challenging positions are available in re- 
search and development for men with 
B.S. to Ph.D. degrees in Physics or 
Mechanical Engineering and experience 
or interest in the fields of rocket propul- 
sion, ballistics, and ordnance. 


We offer you an opportunity to use your 
initiative and creative ability in an at- 
mosphere conducive to accomplishment. 
These positions afford association with 
some of the leading engineers in this field. 


Excellent employee benefits including 
tuition free graduate study. Please send 


to: 
5 Mr. J. A. Metzger 
ARMOUR RESEARCH FOUNDATION 
of 
IHinois Institute of Technology 
10 West 35th Street 


Chicago, Illinois 
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Flame Spraying Spins Protective 
Coating for Missiles 


Jet engine parts have also been successfully flame sprayed. 


Reaching for the Moon, missile engineers have stubbed their collective toe on 


the problem of aerodynamic heating. 


Materials of construction currently 


available cannot withstand the tremen- 


dous temperatures and corrosion generated internally (fuel combustion) 


and externally (air-skin friction) by 


today’s missiles. 


In trying to beat the problem, scientists have come up with a new approach 


to an old technique. 
and what it does: 


LAME spraying is, essentially, a new 

surface coating technique. The 
treatment of surfaces to protect them 
against high temperature, corrosion, or 
wear, of course, is not new. Such tech- 
niques as case hardening or, more fa- 
miliar, porcelainizing have been well 
known for a century or more. 

For ordinary conditions, these stand- 
ard surface treatment methods have 
proved more than adequate. But they 
have not stood up under the environ- 
mental extremes of temperature and 
corrosion found in the interior of a rocket 
motor or jet engine. Nor have metal- 
lurgists yet developed metals or alloys 
that unprotected can withstand the 
external environmental extremes that 
hypersonic vehicles are now beginning 
to encounter. Consequently, new pro- 
tective techniques have had to be de- 
veloped. 

A Second Look: Among the most 
promising of the “‘new”’ techniques are 


flame spraying and porcelainizing. 
Porcelainizing as such, of course, is a 


It’s called flame spraying. Here, briefly, is what it is 


fairly old process. But work cur- 
rently under way at such places as the 
Bureau of Standards and Solar Air- 
craft, aimed at making procelainizing 
suitable for jet and rocket applica- 
tions has already resulted in definite 
improvements over conventional por- 
celainizing methods. And so, some 
coatings men believe, porcelainizing 
may yet prove significant in the pro- 
tection of missile parts against corro- 
sion and high temperature. 

But it is flame spraying that has re- 
ceived the most attention from the 
trade. Considerably more recent a dis- 
covery than porcelainizing, it is not, 
however, a new process. It was first 
investigated in the early 1900’s. Al- 
though it showed promise, there was 
no immediate need for flame spraying. 
Established coating methods satisfied 
all existing requirements and were much 
less expensive. So flame spraying was 
set aside until the advent of jets and 
rockets. Then, 50 years later, scien- 
tists took a second look at the process. 


flame 
spraying consists of those techniques 
which use a gas-oxygen flame to heat 
materials—either in wire or powder 


What Is It? In general, 


form—as (or immediately _ before) 
they are projected upon the surface 
to be coated. 

The coating materials themselves 
range from plastics, through metals and 
alloys, up to and including refractory 
oxides. The composition and form of 
the coating material generally determine 
which flame spraying method will be 
used. 

Careful surface preparation is re- 
quired in all flame spraying methods to 
insure adherence of the coating. Sand 
or grit blasting is the preferred prepa- 
ration because it produces jagged ir- 
regularities on which the coating readily 
“keys” to form a good mechanical 
bond. Other methods such as grinding, 
acid etching, etc., produce less pro- 
nounced surface irregularities, and the 
keying of the interfacial connection be- 
tween base material and coating is less 
effective. 

Good mechanical bonding is a pre- 
requisite, even when remelting is later 
employed to produce a metallurgical 
bond, because of the rather severe ther- 
mal shock involved in remelting. 

Powder or Wire? Flame spraying 
methods can be divided into two major 
categories: those using powdered 
coating materials and those using wire 
or sintered rod forms. 

In powder spraying, the coating par- 
ticles are carried through the flame by a 
conveying gas such as air or nitrogen 
or, in some cases, by the fuel gases them- 
selves. In flame spraying with wires, 
the coating material—in the form of a 
wire or rod—feeds into the flame at a 
rate equal to or slightly less than its 

melting rate. In both methods, the 


Using 5500 F oxy-acetylene flame, Ryan 
ceramicist flame sprays stainless steel 
part with powdered cermets to prolong 
high-temperature operating life. 
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Aspirating gas, 
Fuel gases Kx 


Compressed air 
Sprayed Oxy “Acetylene 
moterial ~ or Oxy “Propane 

gas 
Wire 
Wire and gas 
nozzle 
Air cap 


Prepared base material - - 


Burning 


| gases Melting wire a 


Prepared 
base moterial 


Oxy-Acetylene flame 


. .. but all instruments are of three basic types: powder-fed (left), wire-fed (right), or rod-fed (below). 


molten material is projected onto the 
work surface usually by a stream of com- 
pressed air. For this reason, improper 
operation is apparent immediately in 
the wire-fed method, and it is, perhaps, 
somewhat easier to determine optimum 
coating conditions. 

Too, the wire method offers better 
control over process parameters because 
the feed-melting rate of the coating ma- 
terial is more readily controllable. In 
powder spraying, however, the tempera- 
ture attained by each individual par- 
ticle depends upon particle size, flame 
temperature, and residence time of the 
particle in the flame. Residence time, 
in turn, depends upon particle velocity 
and flame length. And because these 
parameters are mutually interdepend- 
ent, control of particle temperature (and 
coating conditions) is possible only 
within a rather limited range. 
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Prepared Base Materia 


On the other hand, powder spraying 
is capable of higher deposition rates be- 
cause of better heat transfer resulting 
from more intimate contact between 
flame and coating material. And, pres- 


Burning Gas-luminous White Cone 


1% Minimum 
Maximum 
Ww 

\ YAN 

. \ 
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ently at least, powder spraying appears 
to be the more popular method. 
Coating Choice: The selection of a 
particular type of coating will, of 
course, depend upon the job to be 
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__-Melting Oxide Rod 
Spray 
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FRAME SPRAYING ARSENAL: This is a cross section of the many different guns used in various flame spraying processes... . . 
>, 4° minimum 
10° maximum 1 
Sprayed metal 
N 
| 
Characteristic luminous spray N 
white cone of balanced 
rriction Device 
Gas Nozz “et 
Compressed Air - a 
\ \\\ \ 


Company 


American Agile Corp. 
(Bedford, Ohio) 


Armour Research 


Foundation 
Continental Coatings 


Corp. (Chicago, 


Linde Air Products 


ra Co., A Div. of 
Union Carbide & 
Carbon Corp. 
York) 


ing Co., Inc. (West- 
bury, N. Y.) 


Metalweld, Inc. 


(Philadelphia, Pa.) 


Montaine 
(Chicago, 


Norton Co. (Wenres- 
ter, Mass.) 


Aeronautical 
Co. (San Diego, 
Calif.) 
Wall Colmonoy Corp. 


(Detroit, Mich.) 


Lie Metallizing Engineer- ThermoSpray 


1 All data were supplied by companies. 


Composition 
polyethylene; P.V.C. 


Process 


Agilene, Agilide, 
Agilux 


aluminum oxide 
aluminum oxide 


Flame AluminaA 99% 
Flame Alumina D 979 


98% zirconium oxide 


IA nium 

98.6% aluminum oxide 

stabilized 98% zirco- 
nium oxide 


Flame Ceramics 


Flame-Plating 
92% tungsten car- 
bide-8% cobalt 
99% aluminum oxide 


polyethylene 

alumina 

zirconia 

boron-silicon alloys; 
stainless steels; 

chrome-nickel alloys; 

bronze; ceramics; 

copper; lead; tin; 

zine; aluminum 


aluminum 
a 
Nichrome 


Nichrome & aluminum 


Stainless Steels #304 or 
420 
97% Al,O; (B-2) 


zine; 
nickel 
tin 


Flame Rock Ce- 


ramics 
Rokide A 98.6% aluminum oxide 
Rokide Z 98% zirconium oxide 
Rokide ZS 65% zirconium oxide 


and 34% silica 


nickel-magnesia 


chromium-boron- 
nickel mixtures 


Sprayweld 


iron-aluminum-tita- 


titania | 


steel 


Substrate 


magnesium, aluminum, 
steel, glass 


(steels, cast iron, 
aluminum, titanium, 
magnesium, molyb- 
denum copper, brass, 

| bronze, and their al- 

| loys 


metals, glass, plastics, 
ceramics, cloth, paper 


iron, steel 


steel 


iron, steel 

iron, steel 

iron, copper, steel, brass- 
metal bearings 

iron 


alloys, copper, alu- 
minum, brass, molyb- 
denum, graphite- 
carbon, ceramics, 
glass, zinc, magne- 
sium, some plastics, 
lead, solder, Fiber- 
glas, asbestos,  ti- 
tanium 


steel, nickel-based 


stainless; Inconel 


mild & low alloy steels, 
higher carbon & stain- 
less if heat treated 


0.001-0. 100” 
0, 001-0.040” 


0.001-0.015" 
0.001-0. 100” >2500 


0.0625” & up 


0.005-0 .050” 


0.002-0.010” 


0.001-0.040” 


0.005-0.025” 
0.005-0.025” 


0.125” & up 


0.125” 


0.005-0.050” 
0.005-0.050” 
0.005-0.050” 


0.001-0.020” 


0.010-0.060" 


Temperature 
Limitation 
(F) Adherence 
3650 (mp) excellent 
3650 (mp) excellent 
4750 (mp) excellent 
excellent 
3500 (mp) good 
4500 good 
3270 (mp) 
—— excellent 
1800 
3700 (mp) —— 
4600 (mp) —_— 


excellent 


1800 excellent 

1800 & — 
above 

3500 good 

3600 (mp) excellent 

4500 (mp) excellent 

3000 good 


3500 


excellent 
after 
fusing 


Some Promising Flam yt 


Thickness 
0.0625" «175 


Po 


8-20 
sligh 
sligh 

8-12 


0°, 
0 to 


porot 
poroi 
porot 


porot 


low 


8-12¢ 
8-12° 
8-12° 


—— 
po — 
Flame Zirconia 
Flame Cerani¢ — 
| 
} 
} 
| 
to 
. = sli 
= 
<3 | 
005” 
1 
< 
fusi 


Porosity 


$-20% 


slight 


slight above 
7 mils 

8-12% 

0% 

0 to slight 


0.5% 


<1% 


6-10% 
6-10% 


0 to 
slight 

0 to 
slight 


porous 
porous 
porous 


porous 


low 


none after 
fusing 


m Spraying Processes! 


Flexibility 


excellent 
very good 


excellent 


fair 


excellent 


fair 


low modulus of 


elasticity 
~ 


Abrasion Impact Thermal 
Resist- Resist- Shock Corrosion 
Hardness ance ance Resistance Resistance 
— very good 
5-7 (Moh) very good excellent good excellent 
6-7 (Moh) very good good good poor to acids 
low Ce excellent excellent excellent 
7-8 (Moh) excellent excellent — good poor to boil- 
ing acid 
1600 (Vickers) very good good good very good 
8 (Moh) excellent excellent excellent very good 
—— excellent excellent excellent excellent 
7-8 (Moh) excellent excellent good poor to boil- 
ing acid 
1350 (Vickers) excellent fair excellent poor to most 
acids and 
al- 
kalis 
1200 (Vickers) excellent 
9 (Moh) —- good — 
8 (Moh) — — good —— 
excellent ——. 
excellent 
excellent —— 
ait 
9 (Moh) — high 
very good very good —— good very good 
good good ——- very good’ very good 
good good — good very good 
4. 
= 
56-61, 45-50, fair to ex- good to —- excellent Ma 
35-40, 15-20 cellent very 
(Rockwell C) good 


Applications 


storage tanks for chemical pro- 
pellants such as ammonia, ani- 
line, hydrogen peroxide, nitric 
acid 

{electrical insulation, rocket noz- 
zles, bearing surfaces, chemical 
storage tanks, abrasion & im- 
pact protection, friction sur- 

faces 

high temperature impact protec- 
tion, coating for carbon 

pump housing protection, hard 
surface for aluminum, wear & 
corrosion protection 

rocket nozzles, turbine plates, 
electrical components, heating 
elements, thermal sensing units 

rocket nozzles, burners, flame 
ducts, combustion chambers 


protection against wear & corro- 
sion—pump housings, inlet air 
ducts, ete. 

aircraft turbine engine seals, cold 
forming dies, ball piston pump 
bushings, aluminum rocker 
arms 


thermocouple tube, pump parts, 
electronic components, insula- 
tors, ignitors 


protection against heat corrosion 
where sulfur gases are present 

protection against heat corrosion 
where sulfur gases are not pres- 
ent 

protection against heat oxidation 
where sulfur gases are present 

‘athodic protection 

protection against contamination 

protection against contamination 

protection against contamination 

electrical insulation, protection 
against molten metals hard 


facing 


rocket—nozzles, motor tube lin- 
ings, thermal barviews; guided 
missile—vanes, skin  protec- 
tion, motor components; ram- 
jet—tailpipe lining; gas tur- 
bine—inner combustion cham- 
ber lining, cross fire tube lining, 
flap nozzle coating, housing and 
shroud ring insulation; burner 
parts protection 

afterburner liners, combustion 
chambers, transition liners, ex- 
haust systems 

bearing surfaces, forming dies, ex- 

haust valves 
~ 4 


4 
= OF. 
8-1 
- 
| 
8-127 
/o 
8-12% 
8-12% 


done and, in turn, may determine the 
choice of the flame spraying method. 
Here, briefly, is a review of the basic 
flame spraying processes and their 
applications (for greater detail, see 
table: Some Promising Flame Spray- 
ing Processes) : 


Powder-Fed Processes 


Powder-fed processes are basically 
similar in that the powdered material is 
fed from a device which mixes the indi- 
vidual particles of powder with a stream 
of conveying gas. The combustion 
systems are also similar in that a fuel 
gas-oxygen mixture is the means of sup- 
plying heat. 

For purposes of illustration the pow- 
der process can be divided into three 
major categories: plastics, metals and 
refractory materials. 

Plastics: American Agile Co. manu- 
factures a plastic spraying gun, powder 
dispenser and associated hose and gas 
control equipment. The spraying de- 
vice uses a single flame to heat the par- 
ticles of powdered coating material 
which are conveyed in a stream of air 
from the powder dispensing device. 
Control of particle temperature is 
achieved by varying the air-acetylene 
ratio: A long, fuel rich, low temperature 
flame is used for the actual spraying 
process and a shorter, more nearly 
stoichiometric flame for pre-heating of 
the surface prior to spraying. 

The powder used in the Agile process 
is essentially polyethylene; the proper- 
ties of the coating are said to be equal 
in their chemical and physical charac- 
teristics to monolithic polyethylene. 
Recommended procedure for producing 
coatings with the Agile process involves 
first a sand-blasting technique for sur- 
face preparation; second, pre-heating of 
the surface to be sprayed; and, finally, 
the spraying operation with a fuel-rich 
flame. 

Linde Air Products Co. also produces 
a plastic spraying device. It is some- 
what similar to the American Agile 
equipment except that instead of using 
a single flame through which the pow- 
dered material is conveyed, it uses a ring 
of flames. The powdered material is 
carried in a separate stream of gas which 
issues from a centrally located orifice 
within the ring. 

With this arrangement, heating of the 
particles is accomplished by proximity 
to the surrounding regions of secondary 
combustion rather than by both primary 
and secondary combustion as in the case 
of the American Agile process. To pre- 
vent overheating of the powder a con- 
centric air jet issues from an annular 
opening between the circle of heating 
- flames and the central powder opening. 
_ Air supplied to the cooling jet also serves 
to cool the nozzle of the spray gun. 
This is necessary since the heating 


ports in the nozzle. Pre-heating of the 
surface is also recommended in the 
Linde process. 

In both processes, fusion and coales- 
cence of the particles into a continuous 
film occurs on the surface during spray- 
ing. Among the advantages listed for 
these processes: comparatively simple 
equipment and technique requirements, 
economy of operation, low cost of raw 
materials. 

According to the manufacturers, these 
processes are capable of producing 
smooth, impervious polyethylene coat- 
ings ranging in thickness up to about 
1/, in. on almost any metal surface. 
Such coatings are effective in prevent- 
ing serious attack on metals by corro- 
sive chemicals such as acids, strong 
bases, various propellants, etc. 

Metals: The Wall-Colmonoy process 
uses a spray gun identical in principle 
to the Linde polyethylene spray gun; 
i.e., the powdered materials are carried 
to the gun by a stream of air or inert 
gas which is separate from the fuel and 
oxidant gases supplying the flame. In 
this process the particles are heated by 
the secondary combustion region of the 
heating flames, no contact with the 
primary cones taking place. 

The powder feeding device used in 
the Wall-Colmonoy process depends 
for its operation upon suction created 
by the passage of cooling air through a 
venturi in the gun. Thus the cooling air 
flow is not determined solely by the 
necessary cooling for the spray nozzle 
but must also be sufficient to create 
suction for the operation of the powder 
feeder. 

The Metallizing Engineering Co. in 
its ThermoSpray process uses an en- 
tirely different method of supplying 
powdered metals or oxides to the heat- 
ing flame. The powder is fed by grav- 
ity and suction directly from a hopper 
mounted on the gun into a venturi 
which is connected to the passage carry- 
ing the combustible gas mixture. Suc- 
tion created by the passage of gas 
through the venturi aids in feeding 
powdered material. 

This device heats the particles by di- 
rect contact with both the primary and 
secondary combustion regions of the 
heating flame. Stability of the cen- 
trally located spraying flame is insured 
by a ring of smaller, surrounding flames 
utilizing the same combustible gas mix- 
ture. The manufacturer claims that 
this principle of operation results in 
higher deposition efficiency than can be 
achieved by the use of less direct 
methods of heating the powdered coat- 
ing material. 

Metallic flame-sprayed coatings find 
application in the building up of worn 
machine parts, in hard facing to provide 
wear and erosion resistant surfaces and 
in protection of metal surfaces against 
corrosion and chemical attack at both 


‘ 


high and low temperature. 

Refractory materials: The advan- 
tages of using refractory oxides to pro- 
duce coatings for metallic surfaces can 
readily be visualized since certain of 
these materials have melting points in 
the region of 4500 F and also possess a 
low thermal conductivity. 

In the past it has been thought that 


the brittle, low strength properties of 


such materials would preclude the possi- 
bility of their use as coatings for metals. 
Later developments have shown, how- 
ever, that flame spraying techniques 
can be used to soften or melt the local 
surface region of powdered refractory 
materials. Under these conditions, in- 
dividual particles bond or sinter to- 
gether to form a continuous ‘closely 
woven web or fabric” of refractory ma- 
terial which possesses greater flexibility 
than would be characteristic of a mono- 
lithic structure of the material. For 
this reason flame-sprayed refractory 
oxide coatings are capable of withstand- 
ing a degree of thermal shock which 
would not be anticipated by a study of 
the monolithic structure. 

Porosity exists in such coatings to an 
extent that permits slow penetration of 
the coating by air; thus such coatings 
do not offer protection against high 
temperature corrosion for long periods 
of time. However, refractory oxide 
coatings are effective as thermal bar- 
riers by reason of their low thermal 
conductivity. 

Metallizing Engineering Co.’s Ther- 
moSpray process previously described 
can be used to apply the coating of re- 
fractory materials and is effective in 
such an application by virtue of efficient 
particle heating. 

Montaine Corp. produces Flame 
Rock Ceramics in a process using a flame 
spraying device similar to the Wall- 
Colmonoy apparatus in which the pow- 
dered coating material is carried in a 
stream of conveying gas and heated by 
the secondary region of a ring of flames. 
This process uses finely powdered refrac- 
tory materials which can be softened in 
the secondary flame region, thus produc- 
ing a continuous well-bonded coating. 

Ryan Aeronautical Co. uses a Wall- 
Colmonoy type process. But the Ryan 
process uses powdered nickel and pow- 
dered magnesium oxide which is first 
sintered and then reground. This pow- 
der produces a coating of combined re- 
fractory oxide and metal usually called 
“Cermet.” It is characterized by a 
strong metallurgical bond with the base 
material, resistance to thermal shock, 
and ability to protect the base metal 
from oxygen attack at higl temperature. 

Linde Air Products Co. has developed 
a unique process called Flame Plating. 
Powdered coating material, suspended 
in an explosive mixture of oxygen and 
acetylene, is ignited in a detonation 


chamber. Ignition is initiated at about 


JET PROPULSION 


. 
1 
( 
0 
e 
£ 
ti 
fc 
si 
sl 
ac 
m 
al 
of 
te 
w! 
tic 
re; 


1/19 sec intervals by means of an elec- 
tric spark. The resulting detonation 
heats the particles and ejects them from 
the exhaust tube at a high velocity. 
The coating material primarily used 
with this process is a hard surface alloy 
of cobalt and tungsten carbide. While 
complete details on the Linde Flame 
Plating process are not available, the 
process appears to have the advantage of 
control over particle temperature and 
velocity. Thus it is capable of produc- 
ing a well-bonded, impervious coating 
without the necessity for post heating. 


Wire- and Rod-Fed Processes 


Coating materials falling under this 
category generally find the same appli- 
cations as powdered metals and ce- 
ramics. But instead of feeding into the 
flame as individual particles, the ma- 
terial is pre-formed into a wire or rod 
which is slowly drawn or propelled into 
the flame at a speed approximately 
equal to its melting rate. 

Metals: The metallizing process is 
an old one and involves the spraying of 
atomized molten metal which has been 
melted by the use of flames upon a con- 
tinuously fed wire. The Metallizing 
Engineering Co. manufactures a wire- 
fed metallizing gun in which the wire is 
propelled into the flame by a turbine 
device powered by the same gas which 
propels the atomized metal on to the 
work surface. A similar device is also 
manufactured by the Mogul-Metalliz- 
ing Co. of America. 

Ceramics: The Norton Co. has de- 
veloped a unique flame spraying process 
for producing high temperature, refrac- 
tory Rokide coatings. This process 
utilizes a metallizing or wire-fed device 
which propels a sintered rod of refrac- 
tory material into the flame region. 
This process is characterized by the 
close control of spraying conditions. 
The refractory material is held in the 
flame region until melting takes place; 
thus only molten particles are propelled 
onto the surface, and a continuous coat- 
ing is thereby produced. 

No Limit: In converting heat 
energy into work, jet and rocket en- 
gines depend upon extreme tempera- 
ture differentials. To the metallur- 
gist, they offer a tremendous challenge 
for materials which can withstand 
ever-increasing temperatures, corro- 
sion conditions, vibration and thermal 
shock, ete. 

Many times during the past dec- 
ade metallurgists have successfully 
met this challenge. But now they 
are beginning to question the ability 
of unprotected metals to withstand 
temperatures above 2000 F. Mean- 
while, the range of proposed applica- 
tions in the jet propulsion field is al- 
ready pushing toward the 3000 F mark. 

The answer then, many metallur- 
gists believe, lies in the protection of 
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the vital metal components with 
coatings which can act as thermal 
barriers, corrosion barriers, etc. And 
flame-sprayed coatings—albeit only 
one approach to the problem—show a 
great deal of promise. 
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Correction 

In the Careers Supplement to Jet 
Proputsion in February, the wrong 
photograph was inadvertently inserted 
in the story describing employment op- 
portunities at Reaction Motors, Inc. 
Photo below shows the Viking rocket 
described in the Reaction Motors article. 


Navy Viking high altitude research rocket 
powered by an RMI 20,000-Ib-thrust en- 
gine leaves launching platform. 
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...important openings on our 
guided missile research and devel- 
opment staff for men who wish to © 
identify themselves with an organ- — 
ization whose prime purpose is — 
scientific advancement. 


Because the Applied Physics — 
Laboratory (APL) exists to make 
rapid strides in science and tech- 
nology, staff members require and 
receive freedom to inquire, to ex- 
periment, to pursue tangential 
paths of thought. Such freedoms 
are responsible for findings that 
frequently touch off a chain reac- 
tion of creativity throughout the 
organization. As a staff member © 
of APL you will be encouraged to — 
determine your own goals and to © 
set your own working schedule. © 
You will also associate with lead- 
ers in many fields, all bent on ~ 
solving problems of exceptional 
scope and complexity. 


Equidistant between Baltimore, 
Md., and Washington, D.C., our _ 
new laboratory allows staff mem- 
bers to enjoy suburban or urban 
living and the rich cultural, edu- 
cational and research facilities 
offered by both cities. - 


Openings Exist in 
These Fields: 


DEVELOPMENT: Stability and control analysis; 
ramjet engine design; preliminary design and > 
wind-tunnel testing. 


RESEARCH: Interference and heat transfer — 
phenomena; internal aerodynamics; hyper- 
sonics, turbulence, shock wave phenomena; 
combustion. 
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AND LIVE. 


WRITE: 
Professional Staff Appointments 


The Johns Hopkins University 
APPLIED PHYSICS LABORATORY 


8617 Georgia Avenue 
Silver Spring, Maryland 


ELEGTRO- 


MECHANICAL = 


E DEVELOPME 


PRESSURE SYSTEMS 


SALARY to *11,000 


The Missile & Ordnance Systems Depart- 
ment of General Electric, prime contractor 
for the development of the ICBM and IRBM 
nose cones, has an opening of unusual 
potential on its staff. 


Required: ME, EE, or physics graduate 
with 5 to 10 years’ experience in design, 
development and evaluation of barometric 
switches and pressure probes as applied to 
ordnance and missile systems. 
Responsibilities: technical direction, 
functional leadership and project integra- 
tion of three to eight engineers. 

The environment is completely technical 
and professional. We are a research and 


development laboratory affiliated with one 
of the world’s largest, most diversified and 
progressive industrial organizations. We 
hold prime contracts of a long-term nature 
with all of the armed services. Salary and 
benefits are liberal. Philadelphia location. 
Excellent facilities and equipment. 


The Manager of our Arming and Fuzing 
Component Equipment Design Operation 
would be pleased to review your resume. A 
personal interview with him in Philadel- 
phia will be arranged at our expense if 
your qualifications are appropriate. If you 
prefer, you need not reveal the name of 
your present employer. 


Please write to 
Mr. John Watt, Technical Recruiting, Room 575-2 
MISSILE & ORDNANCE SYSTEMS DEPARTMENT 


Cartridge 
2700 psi 
into 20 cc | 


ELECTRIC 
PRIMERS 


GENERAL ELECTRIC 4 EXPLOSIVE POWER 
3198 Chestnut Street « Philadelphia 4, Pa. 7 
— CANISTERS 
ADVANCED DESIGN TRANSDUCERS Powr-Mite #3040 : c 
$ $32.50 list i 
: 
organization specializing in the b 
- actual size : design, development, and manufac- 
mick Selph places first emphasis on 
H 4 dependability. The entire group is ba 
: : located in a 60,000-sq-ft plant on a it 
EW S If d 200-acre site having perhaps the 
: N e sia owere : most complete facilities of its kind ns 
: in existence. T 
° Speed Sensing Pickup : Your procurement and reliability pa 
: 1 4 problems in specialized explosives* th 
° | di | : can probably be solved at McCor- (n 
: operates re ays irect y mick Selph — either with standard un 
items, tried and proved, or with units 
: Ferrous metals passing pickup operate relay without amplifier produced to meet your specific need. _ an 
¢ No tubes or transistors needed with the Powr-Mite thie iiiten | k 
#3040 self powered magnetic pickup. 
Simply feed the Powr-Mite #3040 output into 
: any relay having 100 milliwatts sensitivity. : Ejection to 
You get extra dependability through circuit sim- 
: plification, plus important savings in weight and hae oo 4 lat 
¢ Ideal for use with over and under speed controls. $5 
© 207s *100 milliwatts of power at surface speeds of 250 in./sec. NS 7 sub 
McCORMICK SELPH til 
ELECTRO PRODUCTS LABORATORIES he 
4501-J North Ravenswood, Chicago 40, Ill. flig 
Canada: Atlas Radio Ltd., Toronto ‘ HOLLISTER 2, CALIFORNIA whe 
enc 
nau 
Ma 


NOS 
= 
4 
a 
~ 


“MANKIND will not stay on the Earth 
forever, but, in the pursuit of the 


world and space, will at first timidly 
penetrate beyond the limits of the atmos- 
phere and then will conquer all the space 


around the sun.’’ 
K. E. (1913) 


These lines are taken, together with 
other quotations in this note, from a 
Rand Research Memorandum recently 
published under the title, “A Casebook 
on Soviet Astronautics,’ (RM-1760) 
prepared by F. J. Krieger. 

While military considerations prevent 
the engineers and scientists of the West 
from studying and evaluating the Rus- 
sian progress in missile engineering, we 
still have an opportunity to form an im- 
pression of their application of this 
science to a peaceful purpose—space 
flight. 


The Pioneers 


Konstantin Eduardovich Tsiolkov- 
skii is among the fathers of space flight. 
The Russian scientist was born in a little 
village near Moscow in 1857. He be- 
came a teacher, and developed a keen 
interest for physics. He was especially 
interested in airships and made contri- 
butions of a theoretical nature to early 
aeronautics long before the time of the 
Wright brothers’ first flight in this 
country. Deafness prevented him from 
making a career at a university, but, in 
its perverted way, allowed him precious 
time to focus attention on the works of 
contemporary _ scientists. Although 
Tsiolkovskii worked under the handi- 
cap of rural isolation, living far from 
the center of science, St. Petersburg 
(now Leningrad), his genius has been 
unquestionably proved through ex- 
amples of his calculations. 

Toward the end of the century Tsiol- 
kovskii began to show special interest in 
space flight, and in 1895 he mentions 
for the first time, in a popular magazine 
to which he had submitted articles, the 
possibility of space flight. The specu- 
lations of this small-town scientist were 
not taken seriously, however, and his 
paper on the principles of rocket flight, 
submitted in 1898, was not published un- 
til 1903. From 1911 until his retirement, 
he had articles on rockets and space 
flight published regularly; and in 1924, 
when Robert Goddard and Hermann 
Oberth had created active interest and 
encouraged contributions to  astro- 
nautics with their published works on 
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Soviet 


space flight, the Russians re-discovered 
Tsiolkovskii and proclaimed him the 
father of space flight. His paper had 
been ignored for two decades. No 
doubt Tsiolkovskii deserves this title, 
and the Russians have certainly made 
up for their former lack of interest by 
crediting his endeavor, honoring him, 
and consulting him until his death in 
1935. 

Among Tsiolkovskii’s contributions 
we find treatises on the necessity of using 
liquid fuels, on step principles, and 
sketches of space ships (Fig. 1). 


Tsiolkovskii’s 

1 and 2 are propellant tanks; 
3 symbolizes pumps; 4 is the combustion 
chamber, 5 the nozzle, and 6 the exhaust 


Fig. 1. 
rocket ship 


interplanetary 


deflection vanes. The passenger cabin is 
in the front of the ship, 7. 


Also included among the Russian 
pioneers is F. A. Tsander, an engineer 
who dedicated a major part of his life 
to the evaluation of reactive engines and 
space vehicles. Tsander began his 
career as an amateur astronomer, turn- 
ing his interest gradually toward ad- 
ranced study of reaction motors as 
sarly as 1908 at a major Russian univer- 
sity. In 1920 he presented a paper at 
the Moscow Province Conference of 
Inventors; here the paper caught the 
attention of Lenin who was sufficiently 
impressed to render Tsander his support. 

Tsander proposed in 1924 to utilize 
metallic parts of the early stages of the 
space vehicle, such as airfoils and con- 
trol surfaces, for burning in the rocket 
engine, when useless after leaving the 
atmosphere. 

Over the period from 1928 to 1932 an 
astronautical encyclopedia was pub- 
lished in the Soviet Union. There is 
very little information available per- 
taining to the author of the text, a pro- 
fessor Nikolai Alekseevich Rynin of the 
University of Leningrad. It is known, 
however, that he was co-founder of 
Lengird, the Leningrad section of 
Gruppa Izucheniya Reaktivnogo Dviz- 
heniya, the pre-war Russian rocket 
society. 

Rynin’s encyclopedia is mainly his- 
torical and bibliographical and cannot 
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Astronautics 


VSON, Convair-Astronautics, Contributor 


be regarded as an important contribution 
to astronautics. The scope of this work 
is revealed through the titles of the 
nine volumes which are: 


I. Dreams, Legends, and First 
Fantasies (1928) 

II. Cosmic Ships: Interplanetary 
Communications! in the 
Fantasies of Novelists 
(1928) 


III. Radiant Energy in the Fan- 
tasies of the Novelists and 
in Projects of Scientists 
(1931) 

IV. Rockets and Direct Reaction 


Motors: History, Theory, 
and Technology (1929) 

V. Theory of Reactive Motion 
(1929) 


VI. Superaviation and  Super- 
artillery (1929) 
VII. Russian Inventor and Scien- 
tist Konstantin Eduardo- 
7 vich Tsiolkovskii: His Bi- 
ography, Works, and Rock- 
ets (1931) 
VIII. Theory of Cosmic Flight 
(1932) 
IX. Astronavigation: Chronicle 


and Biography (1932) 


Rocket Development 

The cumulative efforts of these men, 
together with other able scientists and 
engineers, marked a turning point in the 
vast field of astronautics. During the 
thirties the Russian rocket societies de- 
veloped artillery rockets which aided 
them in fighting the German forces in 
World War II. At the end of the war, 
the Russians took possession of the fac- 
tories which had produced the V-2 
rockets, as well as rocket facilities in 
Eastern Germany, such as the famous 
Peenemuende center. More than 200 
German rocket scientists were brought 
to Russia to perform specific functions 
behind the Iron Curtain. In this man- 
ner, the Soviet Union produced several 
thousand V-2 rockets, and must have 
gained much experience in missile 
production and fundamental rocket and 
upper atmosphere research. 

As a result, they have improved the 
V-2 engine and developed an engine 
‘capable of delivering 250,000-Ib thrust 
at a chamber pressure of 900 psi. This 
is not the work of the captured German 


‘interplanetary communi- 
with ‘‘interplanetary 


1 The Russian term 
cation” is synonymous 
flight.” 
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MISSILE 


ENGINEERS 


Many new positions are being created at Northrop Aircraft 
for missile engineers in a wide range of activity: control, 
guidance, servo, computers, recording, optical, reliability, 
electro-mechanical, telemetering and electronics. There's 
an interesting position for you, at your own experience 
level, with attractive remuneration and steady advance- 
ment, in one of the following groups: 

GUIDANCE AND CONTROLS, encompassing research 
and development of advance automatic guidance and 
flight control systems for both missiles and piloted air- 
craft. Specific areas of development include: radio and 
radar systems, flight control systems, inertial guidance 
systems, instrument servo systems, digital computer and 
magnetic tape recording systems, airborne analogue 
computer systems, optical and mechanical systems, and 
systems test and analyzer equipment. 

FLIGHT TEST ENGINEERING SECTION, which plans the 
missile test programs and establishes test data require- 
ments in support of the programs. The data requirements 
are predicated on the test information required by the 
engineering analytical and design groups to develop and 
demonstrate the final missile design, and are the basis 
from which instrumentation requirements are formulated. 

The analysis work performed consists of aerodynamic, 
missile systems, dynamics, flight control, propulsion and 
guidance evaluation. The Flight Test Engineering Section 
is also responsible for the field test program of the 
ground support equipment required for the missile. 

FLIGHT TEST INSTRUMENTATION SECTION, which in- 
cludes a Systems Engineering Group responsible for the 
system design concept; a Development Laboratory where 
electronic and electro-mechanical systems and compon- 
ents are developed; an Instrumentation Design Group for 
the detail design of test instrumentation components and 
systems; a Mechanic Laboratory where the instrumenta- 
tion hardware is fabricated; and a Calibration and Test 
Group where the various instrumentation items and 
systems are calibrated and tested. 

For 17 years Northrop Aircraft has pioneered in missile 
research and development. As a member of this forefront 
organization in this growing field, new opportunities for 
full expression of your initiative and ability will always be 
yours at Northrop. 

If you qualify for any of these attractive positions, we at 


invite you to contact the Manager of Engineering Indus- 
trial Relations, Northrop Aircraft, Inc., telephone ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 


ert! Department 4600-K, Hawthorne, California. 


NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental Missiles 


scientists, as they were not integrated 
in any Russian developmental project; 


during 1950 to 1951, all of the “bor-- 


rowed” rocket engineers were released 
and returned to Germany. The Rus- 
sians have their own specialists: Sem- 
enov, Zel’dovich, Kristianovich, and 
Sedov, capable men in the fields of 
combustion and aerodynamics. 

The Russian developments in areas of 
nuclear physics, aviation, telemechan- 
ics, and automatics, with due regard for 
the known accomplishments, some of 
which are listed above, show clearly 
that the Soviet Union has made prog- 
ress and has established potential in 
the study for the advancement of space 
flight. 


Astronautics in the Soviet Press 


During the last few years a noticeable 


change has taken place in the policy of 


the Soviet Press. Formerly, all re- 
leases pertaining to space flight followed 
an established pattern. The article 


would begin with uninhibited praise of 


the Russian pioneers, especially of Tsiol- 
kovskii; then it would describe activity 
being carried on at the present (always 
an American experiment, including 
exact data, though no mention was made 
of the West), and finally, the article 
would present a glorified future where 
Russian space ships conquered the 
planets. These articles, even when 
technical, would also conclude with a 
final touch of political propaganda. 
Following is an excerpt translated from 
a popular technical magazine, Znante- 
Sila, April 1950: 


“The reactionary science serving Anglo- 
American imperialism sets forth entirely 
different goals for interplanetary travels. 
It is not the study of the nature of sur 
rounding worlds in the interest. of science, 
but the search for strategic raw materials 
for a new war. It is not a research labo- 
ratory for the study of interplanetary 
spaces, but yet another extraterrestrial 
base for attacking the Soviet Union and 
the countries of the People’s Democracy. 
American imperialists, who are possessed 
by a mania of world domination, are 
threatening the entire universe and are 
making extravagant plans for transform- 
ing the entire solar system into an Ameri- 
can colony. 

Tsiolkovskii warned against this more 
than 20 years ago. He wrote: ‘Many 
visualize celestial ships with people trav- 
eling from planet to planet, the gradual 
population of the planets and the extrac- 
tion therefrom of profits which ordinary 
terrestrial colonies yield. The fact will_be 
far different from this.’ 

Not long before his death, the founder 
of space flight, Konstantin Eduardovich 
Tsiolkovskii, wrote a letter to the People’s 
Leader, Comrade Stalin, ® which he be- 
queathed all his works to the Soviet 
people and to the party of the Bolsheviks— 
the true bearers of progress. These 
works came into reliable hands. 

The insane plans of the imperialists are 
doomed to failure. The science of our 
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NEW WORLD FOR AERODYNAMICISTS 


TITAN 
VIKING 
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DESTRUCTORS 
OR DEVICES 
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Martin projects of special importance to the future of 
aerodynamics engineering range upward from boundary 


layer control to satellite launching vehicles... from the prob- 


FRANGIBLE 


"lems of multisonie flight to outer space configuration. 
SHAPED 
Bockman ¢ Whitey No other aircraft company in the world is offering finer — 


_ opportunities today in the aerodynamics of tomorrow. _ 


Contact J. M. Hollyday, Dept. JP-3, The Glenn L. Martin 
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| BINARY 
aa CODED DECIMAL 


LIBRASCOPE 
SHAFT POSITION-TO-DIGITAL 


CONVERTERS 


Equipped with ANTI-AMBIGUITY 
UBLE BRUSH PICKOFFS 


Useful in a wide variety of applications, 
including digital aircraft and missile 
controls, machine tool controls, digital 
readout from strip chart recorders, and 
as the modulator and de-modulator in 
pulse-code modulated radio links. 


GRAY CODE MODEL —Capacity of 8 
binary digits (single brush pickoff), 
BINARY MODEL — Capacity of 7 to 19 
binary digits. 

BINARY CODED DECIMAL MODEL 
Capacity range from 0-1999 to 0-35,999. 


Units for special codes or 
Capacities are built to meet 
specific requirements. 


SHOCK ENDURANCE................... 20g 
TEMPERATURE RANGE. .—50° to 83°C min. 
CODE DISCS....... Rhodium plated phenolic 
Multiple wire brush. 

Two pickoffs /channel 
ROTATION...... Continuous, either direction. 


RUGGED—NON-MAGNETIC—LONG LIFE 
MAY BE READ WHILE IN MOTION 


SPECIAL CONVERTERS DESIGNED TO MEET 
YOUR INDIVIDUAL PROBLEMS 


Send for illustrated brochure 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
808 Western Avenue ¢ Glendale, California 


country, having spoken the first word on 
interplanetary flights, will also be the 
first to realize this long-cherished dream of 
mankind.” 


Recently, the tone has changed. 
Technical articles of high quality treat- 
ing original projects have been found 
in the Russian press, particularly after 
the United States’ presidential an- 
nouncement of July 29, 1955, when the 
IGY Satellite Program was officially 
initiated. Russian scientists also at- 
tended the Sixth Congress of the In- 
ternational Astronautical Federation in 
Copenhagen, August 1955. Sedov, fa- 
mous aerodynamicist, and Ogorodni- 
kov, astronomer, were official observers. 
At the 1956 Congress in Rome, Soviet 
Russia was accepted as a member of the 
Federation. The most prominent Rus- 
sian society for space travel is the As- 
tronautics Section of the V.P. Chkalov 
Central Aero-club, in Moscow. 

As a sample of the latest approach to 
the subject of space flight as it appears 
in Soviet journalism, the following ex- 
cerpt has been taken out of context 
from “The Road into the Cosmic,” by 
Yu. 8. Khlebtsevich, printed in Nauka i 
Zhizn’, November 1955: 


“The investigation of cosmic space, in 
spite of its great scientific importance, is 
not a goal in itself. It will serve as a prep- 
aration for the next stage in the develop- 
ment of interplanetary flights—the stage 


| of studying the Moon by means of radio- 


telecontrolled rockets equipped with suit- 
able apparatus. 
Before setting out for the Moon, man 


| must ascertain what he might encounter 


during his journey into a world completely 
unsuited for him. Only by knowing this 
will it be possible to ensure passenger 
safety during takeoff, flight, and landing 
of the cosmic ship and to guarantee the re- 
turn of the courageous investigators to 
their native planet. At the same time, it 
is still necessary to completely work out 
the landing of the rocket on the Moon, its 
takeoff from the lunar surface, and its 


landing on the Earth. It is also neces- 
sary to check the correctness of the calcu- 
lations which determine the influence of 
the attraction of the Sun and the other 
planets on the flight trajectory of the cos- 
mic ship, and to ascertain the physical 
properties of the lunar atmosphere and the 
lunar surface, in order to take them into 
account in designing the rocket and im- 
plementing it with suitable equipment. 

We shall recall further that the flight of 
a rocket to the Moon and back with a crew 
is possible in the contemporary state of 
jet technology only if the route of this 
flight is divided into several intermediate 
stages with a guarantee of refueling the 
rocket at each stage. The use of atomic 
energy facilitates the solution of this task, 
but then introduces a number of additional 
conditions connected with ensuring the 
safety of the crew—primarily its protec- 
tion against harmful radioactive radia- 
tions. 

Flight to the Moon demands, moreover, 
extremely high precision in maintaining 
the calculated trajectory and flight chart. 
Up to the present, almost no attention 
has been paid to these characteristics of 
cosmic flight. However, an error of only 
+0.1 per cent in the value of the vector of 
the initial takeoff velocity of a rocket 
heading for the Moon will result in a 
‘short’ or an ‘over’ of the order of +12.5 
per cent of the general length of path, or 
several tens of thousands of kilometers. 
Consequently, the cosmic ship will still 
require an additional supply of fuel for 
maneuvering. 

Finally, the real danger of meteorites 
hitting the rocket both in flight and on the 
Moon greatly aggravates the difficulties 
of the original solution of all the problems 
of interplanetary travel involving direct 
participation of people. 

All the above obstacles can be com- 
pletely overcome in relatively short peri- 
ods of time and without sacrifices, more- 
over, only in one case: If automatic 
radiotelecontrolled unmanned rockets are 
sent on the first flights to the Moon. 

A rocket controlled by radio from the 
Earth will ‘land’ on the Moon, instead of a 
crew, a mobile laboratory which exter- 
nally somewhat resembles a small tank 


Fig. 2. 


boom with light projector to the right. 


weight. 


i 


Russian tankette-laboratory—proposed for preliminary investigation of the moon. 
| Note propellants for gas generators to the left, radio antenna in the center, and TV camera 
As the tankette-lab is unmanned and radio 
controlled, the instruments with the expensive looking dials are probably only dead 
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(see Fig. 2). 
as we shall call it, will also be controlled 
by radio from the Earth. The trans- 
mitting television camera, mounted on a 
radio controlled boom having several de- 
grees of freedom and fixed on the tankette- 
laboratory, will permit scientists on the 
Earth to observe the lunar surface and the 
lunar sky with the disk of our planet vis- 
ible on it (all this can be photographed on 
the Earth), and to determine the safest 
path for the movement of the laboratory. 
Aboard it will be placed various automatic 
instruments transmitting to the Earth 
their readings on the state and properties 
of the lunar atmosphere and the lunar sur- 
face. For moving the tankette and oper- 
ating its equipment, the necessary store of 
fuel and oxidant for the engine will be 
available. Utilization of other known 
sources of energy is also possible. Calcu- 
lations show that for a tankette-laboratory 
with a total weight of not more than sev- 
eral hundred kilograms, serious initial in- 
vestigations of the Moon, sufficient for 
carrying out the next stage—the mastery 
of the Moon by Man—are possible in prin- 
ciple; and what is more, in case of neces- 
sity, it will be possible to ‘land’ other 
tankettes, taking into account the results 
obtained earlier.”’ 


Russian Potential 


The conclusion must therefore be that 
we are able to find in Russia today 
genuine interest in space flight, a well- 
developed rocket technology, and com- 
petent scientists and engineers. Moon 
projects have been mentioned from time 
to time, and Russia also claims to pre- 
pare an artificial satellite which may 
very well precede the Vanguard. The 
Russian satellite is believed to be of the 
same size (20 in. diam), but heavier 
than the Vanguard satellite (100 Ib 
instead of 20 Ib). 

We must not underestimate the po- 
tential of Soviet Russia—neither politi- 
cally nor astronautically. 


PEnnsylvania 66815 | 


The telephone number of the 
AMERICAN ROCKET SOCIETY 
(and JET PROPULSION) has been 
changed to PEnnsylvania 6-6845. 
The address is still 500 Fifth 


| Avenue, New York 36, N. Y. 


ARS Meetings Calendar 


April 3-6: ARS Spring Meeting, Sheraton 
Park Hotel, Washington, D. C. 

June 10-13: ARS Semi-Annual Meeting, 
Hotel St. Francis, San Francisco. 

Aug. 25-28: ARS-Northwestern Technologi- 
cal Institute Gas Dynamics Symposium, 
Northwestern University, Evanston, IIl. 


Dec. 2-6: ARS Annual Meeting, New 
York. 


This ‘tankette-laboratory,’ 


Into Space 


AST month, top civilian and mili- 

tary scientists gathered in San Diego 
for a three-day Astronautics Symposium 
sponsored jointly by the Air Force Office 
of Scientific Research and Convair 
Division of General Dynamics Corp. 
After the symposium ended, it appeared 
that the United States had just been 
committed to the “space age.”’ 

If this proves to be the case, then the 
scientists themselves must assume full 
responsibility. Quickly and repeatedly 
they assaulted the aura of fantasy 
created by Jules Verne and his followers. 

In opening the first session, Convair’s 
Joseph T. McNarney and Charles L. 
Critchfield stressed the serious purpose 
of the symposium. And keynoter Brig- 
adier General Hollingsworth F. Gregory, 
commander of the USAF Office of 
Scientific Research, expressed his pleas- 
ure ‘“‘that the visionaries have been suc- 
ceeded by scientists and industrialists.” 

Major General Bernard A. Schriever, 
commander of the USAF’s Western 
Development Division and _ featured 
dinner speaker, further underlined the 
deadly serious side of this business by 
noting the close tie-in of this country’s 
ballistic missile program with the de- 
velopment of space technology and the 
very real possibility that ‘in the long 
haul, our safety as a nation may depend 
upon our achieving ‘space superiority’.”’ 

At the same time, General Schriever 


pointed out, the ballistic missile pro- 
gram, representing a concerted effort 
and resultant impetus of unprecedented 
magnitude, is responsible more than 
anything else, perhaps, for bringing 
about the recent tremendous advances 
in space technology. “I would be will- 
ing to venture a guess,’’ said the Gen- 
eral, “that 90 per cent of the unmanned 
follow-on projects that one could visual- 
ize for the future can be undertaken 
with propulsive, guidance and _struc- 
tural techniques presently under de- 
velopment in the Air Force Ballistic 
Missile Program.” 

Most significant, perhaps, in attesting 
to the complete break here between the 
words science and fiction were the num- 
ber and nature of those who came. 
First figured for 150, attendance rose to 
approximately 600 by the end of the 
three-day meeting. And the names read 
like a “who’s who” in jet propulsion. 

“We Have Come To...” As 
spelled out in the opening session, the 
purpose of this symposium was to pin- 
point the technical problems obstructing 
development of space technology. To 
accomplish this, the field of astronautics 
was broken down into six panel topics: 
re-entry, tracking and communications, 
environment and measurements, pro- 
pulsion, orbits, and human factors. 

At the conclusion of the symposium, 
it was generally agreed that the prob- 
lems had been well defined and that, as 
a result, many would soon be solved. 


| On the Art and/or Science of Astronautics: 
| AFOSR-Convair Astronautics Symposium, February 18-20, 1957, San Diego. 
| 


“We believe flight outside the at- 
mosphere is a reality that cannot and 
must not be minimized.’”’—BriGADIER 
GENERAL H. F. Gregory, AFOSR. 

“Presently known devices appear to 
make flights around and to the moon, 
Mercury, Venus and Mars theoretic- 
ally feasible. Multiple-stage devices 
being conceived can, with reasonable 
flight times, make it theoretically pos- 
sible to fly missions to Jupiter and Sa- 
turn. There is no known powerplant 
today which would permit trips to 
Neptune or Pluto, or which would per- 
mit escape from the solar system in 
any reasonable length of time. We 
hope future discoveries will develop 
propulsion systems that will make this 
P. Surron, North 
American Aviation, Inc. 

“Total cost for a five-year program 
to put four people on an artificial earth 
satellite would be $350 million. It 
would cost 12 times this to place them 
on H. DorraNnce, 
Convair. 

“Above 100,000 feet, the sky over- 
head is a black vault and the sun is a 
shiny white button. When you look 
straight down, the earth appears 
colorless. It seems to be moving away 
from you like a bubble down the 


C. KINCHELOE, 
USA F. 

‘“‘After science does all it can for the 
space crew and its craft, the rest must 
be charged off to calculated risk.’’— 
CoLoNEL A. CaMpBELL, USAF- 
(MC), AFOSR. 

“Fluorine compounds are a good bet 
for future oxidants . . . Propulsion in 
1965 or beyond may be based on free 
radicals Ionie propulsion looks 
promising but there is no way of mak- 
ing large numbers of ions.’’—-Y. C. 
LEE, Aerojel-General Corp. 

“Chances are that a meteor would 
puncture the skin of a space vehicle 
once in four days.’’—FReEp L. WHIPPLE, 
Smithsonian Astrophysical Observatory. 

“Propulsion will be the determining 
factor in space travel.’’—WILLIAM 
Bouuay, Aerophysics Development Corp. 

“To circumnavigate the moon and 
come back, accuracy to within + 1 fps 
out of an estimated velocity of 35,000 
fps is needed; and to land, +0.5 
fps.’’—Hans A. Lieske, Rand. Corp. 

“To unto others as they would 
have you do unto them’ will be the 
Golden Rule of the space age.” 
ANDREW G. HA.ey, attorney; general 
counsel, American Rocket Society. 

(Continued on page 324) 


317 


j 
| 
| 
ae 
' 
Marcu 1957 


— 
Pr: With aircraft that top 1000 mph now in military service, the problem 


ne of heat dispersion gets growing attention from Douglas engineers. 


“i Once called the heat barrier, science now uses a more accurate 


term, thermal thicket. The faster you fly through the earth’s atmos- 


oe _ pheric blanket, the further into the thicket you get... 


At Mach 2, twice the speed of sound, a plane’s skin temperature can reach 275°F. 
At Mach 3 it leaps to 650°F, and at Mach 5 hardened steel wilts like lettuce... 
_ Douglas is attacking this heat problem on many fronts. Air condi- 
_ tioners powerful enough to cool a theater were tested in the famous 
‘The Douglas X-3, . .. X-38 research plane seen at left. In current Douglas missiles, amazing 
ah apenas atten. advancements are being made in the design of heat-resisting mate- 
rials and structures. This knowledge will speed the solution of the 
thermal thicket problem for piloted aircraft. 


: Hi to 1 ilot in the Thermal 
OW cool a 1n eC 
/ 
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The Douglas Aero-rotor, an 
instrument that blasts out high 
velocity gas at temperatures 
upward of 3000 degrees Fahren- 
heit, helps in research for 
materials to withstand high tem- 
peratures and jet velocity erosion. 
Other work now on the boards at 
Douglas ranges from designs for 
the practical application of 
atomic power to the complete 
design and building of inter- 
continental missiles — and even 
includes the engineering for a 
space platform first considered as 
early as 1946. 


= 
DOUGLAS 
| \ first in Aviation 


ARS News 


April 4-6 


Space Sociology, Astronautics Sessions Highlight ARS Spring Meeting 


‘THE AmericaN Rocker Society 

and the Cherry Blossom Festival 
are due to arrive in Washington at 
the same time next month. It was 
planned that way. 


But other than as a focus for social 
events and a reason for making hotel 
reservations early, the cherry blossoms 
have nothing to do with the Spring 
Meeting, set up by the AMERICAN 
Rocket Society in cooperation with 
its National Capital Section. 


As usual, the meeting’s main concern 
will be with the technical sessions. 
This particular meeting will center on 
four main themes (see Program): 
high speed test tracks, space sociology, 
propulsive systems, and astronautics. 

Between sessions, at the luncheons, 
receptions and banquet, members will 
have an opportunity to meet and listen 


Wednesday, April 3 
10:00 a.m. i Madison Suite 
Directors Meeting 

Continental Room 

Mixer 
(Courtesy of National Capital Section) 

Thursday, April 4 
8:00 a.m. 


5:30 p.m. 


Burgundy Room 

Breakfast 

(Courtesy of North American Aviation, Inc.) 

Panel Discussion on Missile Systems 

9:30 a.m. Sheraton Hall (South End) 

Space Sociology—I 

Chairman: John P. Stapp, Holloman Air 
Development Center, Holloman AFB, 
Alamogordo, N. M. 

Vice-Chairman: P. K. Roy, International 
Civil Aviation Organization, (ICAO), 
Montreal, Canada. 

+ Opening Remarks and Moving Pictures 

Relating to Effects of Acceleration and De- 

celeration on the Human Being, by John P. 

Stapp, Holloman Air Development Center. 

Holloman AFB, Alamogordo, N. M. 

+ Some Current Considerations Affecting 

the Evolution of Space Law, by P. K. Roy, 

International Civil Aviation Organization 

(ICAO), Montreal, Canada. (388-57) 

+ Neuro-Endocrine Factors Essential for 


to some of the world’s top men in astro- 
nautics. Among those that will par- 
ticipate in the sessions: jet propulsion 
pioneer Theodore von Karman, chair- 
man of NATO’s Advisory Group for 
Aeronautical Research and Develop- 
ment; Colonel John P. Stapp of rocket 
sled fame; and P. K. Roy, director of 
the legal bureau of International Civil 
Aviation Organization. 

And, destined to be a top attraction 
at the Spring Meeting, there will be a 
special exhibit of rockets, satellites, and 
guided missiles along with related 
material and equipment. The exhibit, 
sessions, and registration will all take 
place in Washington’s Sheraton Park 
Hotel starting with the mixer Wednes- 
day evening (April 3) right through the 
final banquet on Saturday evening. 

A. F. Spilhaus, Dean, Institute of 
Technology, University of Minnesota, 


SPRING MEETING PROGRAM 


Survival in Space, by William R. Brewster 
and Majic S. Potsaid, Harvard University; 
James B. Isaacs, The Johns Hopkins Univer- 
sity; Harriet Bullitt Brewster. (389-57) 

+ Physiological and Psychological Tolerance 
to Weightlessness, by Siegfried Gerathewohl, 
USAF School of Aviation Medicine, Ran- 
dolph AFB, Texas. (390-57) 

+ Probable Influences of Satellites on Society, 
by N. Elliott Felt, Jr., The Martin Co., 
Baltimore, Md. (391-57) 


Continental Room 


High Speed Sleds—I 
Chairman: R. L. King. Experimental Track 
Branch, Edwards Air Force Base, Calif. 
Vice-Chairman: Clifford T. Hurd, Experi- 
mental Track Branch, Edwards Air Force 
Base, Calif. 
+ Supersonic Track Facilities at the Naval 
Ordnance Test Station, by B. R. Egbert and 
D. P. Ankeney, U.S. Naval Ordnance Test 
Station, China Lake, Calif. (392-57) 
+ Design Considerations of Two Large 
Liquid Rocket Pusher Sleds, by H. Davies 
and D. S. Smith, Reaction Motors, Inc., 
Denville, N. J. (393-57) 
+ High Speed Test Track Instrumentation, 
by Warren H. Sanders, Holloman Air De- 
velopment Center, Holloman AFB, Ala- 


10:00 a.m. 


will be the speaker at the banquet. 

Credit for this meeting, which prom- 
ises to be a big success, belongs in 
large measure to the National Capital 
Section. Individual kudos go to the 
many Section committees which have 
done so much to create a cohesive and 
interesting session and, in particular, to 
the following committee chairmen: An- 
drew G. Haley who as meeting chair- 
man bears over-all responsibility for the 
affair; Erik Bergaust, president of the 
host Section, who handles public rela- 
tions and exhibit liaison; William 
Roennau who obtains session aides; 
Robert Hirsch who is in charge of 
reservations; Jean (Mrs. Erik) Ber- 
gaust and Truda Jewett who look 
after the social activities; and, repre- 
senting parent ARS, Kurt Stehling who 
this year is National Program Com- 
mittee Chairman. 


mogordo, N. M. (394-57) 

+ Aberdeen Proving Ground Ballistic Track, 
by Mitchell E. Bonnett, Aberdeen Proving 
Ground, Aberdeen, Md. (396-57) 


12:30 p.m. Sheraton Hall (North End) 


Human Factors Luncheon 


(Courtesy of Chance Vought Aircraft, Inc., 
Dallas, Texas.) 

Speaker: Theodore von Kaérman, Chairman, 
Advisory Group for Aeronautical Research 
and Development, North Atlantic Treaty 
Organization, Paris, France. 


Sheraton Hall (South End) 


Space Sociology—II 
Chairman: Theodore von Karman, Advisory 
Group for Aeronautical Research and De- 
velopment, North Atlantic Treaty Organ- 
ization (NATO), Paris, France. 
Vice-Chairman: Andrew G. Haley, General 
Counsel, AmeRICAN Rocket Society, 
Washington, D. C. 
+ United Nations, Space Law and Metalaw, 
by Andrew G. Haley, General Counsel, 
AMERICAN Rocket Society, Washington, 
D.C. (397-57) 
+ Space Flight and Our Technological 
Revolution, by Wernher von Braun, Army 


2:30 p.m. 


Committee Chairmen—ARS 1957 Spring Meeting 


Truda Jewett W. H. Roennau 


Jean Bergaust 
Social Events 


Andrew G. Haley 
Meeting Chairman 


Erik Bergaust 
Public Relations 


Kurt Stehling 
National Program 


Social Events Session Aides 
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OF FIRST IMPORTANCE 
TO EXPERIENCED ROCKET ENGINEERS AND SCIENTISTS 


@ Reaction Motors initiating big new 
Research and Development Program 


- @ Key spots offered to men who have already 
made a name for themselves in Rockets 


If you’re one of the relatively few trained rocket men in America, 
your experience will pay off handsomely at Reaction Motors. The first 
rocket company in America, RMI is now entering its period of great- 
est expansion, a period that will see far-reaching developments in 
America’s fastest-growing industry. Your participation in RMI’s 
program during this crucial period is your best guarantee of leader- 
ship in the industry. In a job like one of those listed below you'll be 
strategically placed for both achievement and advancement. 


1. SENIOR DESIGN ENGINEER 2. INSTRUMENTATION ENGINEER 


BS minimum in mechanical, aeronautical or elec- io’ 
trical engineering; 3—5 years’ experience on aircraft 

engines. Must be familiar with the application of _ 
instrumentation to testing of rocket or other air- 

craft engines, the utilization of currently available 
instrumentation, or the modification and adapta- = 
tion of such instrumentation for particular require- 

ments and wide limits of flow temperatures, 

pressure, thrust, etc. : 


Prefer ME or AE degree and a minimum of 6 
years’ experience in aircraft engines or airframes 
You should have extensive design experience, in- 
cluding plenty of board time, shop contact, struc- 
tural design, stress analysis. You will be working 
directly with design engineers and layout drafts- 
men on design of light weight, complex structures. 


3. STRESS ENGINEER 


Degree in engineering or applied mechanics. 
Required experience in mechanical design with 
emphasis on stress analysis: 3 years for an en- 
gineer, to 6 years for the senior engineer. Must be 
able to handle and/or supervise involved analyses— 
including the effects of dynamic forces, high 
temperature gradients and high pressure differ- 
entials-under conditions where light weight is 


4. PROJECT ENGINEER 

BS or MS in ME, AE, or ChE-with at least 5 
years’ experience in the design, fabrication and 
test of rocket thrust chambers, gas generators 
and ignitors. Project engineers also needed with 
background which includes knowledge of prin- 
ciples and problems associated with design, de- 
velopment and analysis of hydraulic or pneumatic 


vital. power plant controls and systems. 


RMI’S 6 MAIN PROJECT AREAS INCLUDE: 


MISSILES PILOTED AIRCRAFT LAUNCHING DEVICES GROUND SUPPORT 
EQUIPMENT LIQUID AND SOLID PROPELLANT CHEMISTRY * NUCLEAR ROCKETS 


For additional information on these or any other positions, 


drop a note or send complete resume in strict confidence to: 
SUPERVISOR OF TECHNICAL PLACEMENT ¢ 


REACTION MOTORS, iNC. 


A MEMBER OF THE OMAR TEAM 
65 FORD ROAD ¢ DENVILLE, N.J. 
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Ballistic Missile Agency, Huntsville, Ala. 
(398-57) 

+ Astronautics, Public Relations and the 
Press, by Erik Bergaust, Missiles and Rockets, 
Washington, D.C. (399-57) 

+ The Function of Universities in Astro- 
nautical Research, by 8S. F. Singer, Univer- 
sity of Maryland, College Park, Md. 
(401-57) 


Coatinental Room 
High Speed Sleds—II 


Chairman: Henry J. Barten, Chicago Mid- 
way Laboratories, Eglin Air Force Base, 
Fla. 

Vice-Chairman: H Davies, Reaction Motors, 
Inc., Denville, N. J. 

+ Supersonic Rain Erosion Testing on 

Missile Radomes, by K. Barr and E. J. 

Steeger, Edwards Air Force Base, Calif. 

(402-57) 

+ A Precision Data System for High Speed 

Tracks, by R. I. Anderson, Electronics 

Engineering Company of California, Los 

Angeles, Calif. (403-57) 

+ Design Determinants for the Holloman 

Horizontal Test Stand, by William T. Bate- 

man, Holloman Air Development Center, 

Holloman AFB, Alamogordo, N.M. (404-57) 

+ Track-Testing at the Air Force Armament 

Center, by Richard K. Hendricks, Eglin 

Air Force Base, Fla. (405-57) 

+ Precision Measurement of Rocket Sled 

Velocity, by F. J. Beutler, Ramo-Wool- 

dridge Corp., Los Angeles, Calif., and L. L. 

Rauch, University of Michigan and Ramo- 

Wooldridge Corp. (406-57) 


2:30 p.m. 


Friday, April 5 
10:00 a.m. Continental Room 


High Speed Sleds—III 


Chairman: Mitchell E. Bonnett, Aberdeen 
Proving Ground, Aberdeen, Md. 
Vice-Chairman: J. Lechner, Coleman En- 
gineering Co., Los Angeles, Calif. 
+ The Capabilities of the Holloman High 
Speed Track, by Gerhard R. Eber, Holloman 
Air Development Center, Holloman AFB, 
Alamogordo, N. M. (407-57) 
+ Design of Vehicles for High Speed Track 
Development Programs, by Richard A. 
Hirsch, Aircraft Armaments, Inc., Cockeys- 
ville, Md. (408-57) 
+ The Closed Circuit High Speed Test 
Track, by Henry J. Barten, Chicago Midway 
Laboratories, Eglin Air Force Base, Fla. 
(409-57) 
+ Track Testing at the Air Force Flight Test 
Center, by Ross R. Seger, Air Force Flight 
Test Center, Edwards Air Force Base, Calif. 
(410-57) 
+ Sled Testing the Emergency Escape Sys- 
tem: The Human Factor, by James F. 
Hegenwald, Jr. and Edward A. Murphy, Jr., 
North American Aviation, Inc., Los Angeles, 
Calif. (411-57) 


Burgundy Room 
Propulsive Systems—I 
Chairman: Clair Beighley, Aerojet-General 
Corp., Sacramento, Calif. 

Vice-Chairman: Robert Schmidt, Naval 
Research Laboratory, Washington, D. C. 
+ Factors Which Influence the Suitability 
of Liquid Propellants as Rocket Motor 
Regenerative Coolants, by D. R. Bartz, Jet 
Propulsion Laboratory, California Institute 

of Technology, Pasadena, Calif. (417-57) 
+ Rocket Impulse Spectrum, by M. Farber, 
Aerojet-General Corp., Azusa, Calif. 
(418-57) 

+ Project Snooper, by M. I. Willinski and 
E. Orr, Rocketdyne, Canoga Park, Calif. 
(419-57) 


10:00 a.m. 


‘PULSE RATE CONVERTER 


There isn’t enough space in this full size 
outline to describe the stability, accuracy 
and reliability of the new Waugh Fre- 
quency-to-Voltage Converters. Please re- 
quest Bulletin 103 for further details 
regarding direct indication or telemeter- 
ing of Flow, RPM or Power Frequencies. 


Be 


FR-300 Series 
PULSE RATE CONVERTER 


... another progressive development in Fluid Flow 
Measuring Equipment by Waugh Engineering Company, 
manufacturers of Turbine Flowmeters and associated 
instrumentation. 


Representatives in Principal Cities 


ENGINEERING COMPANY 
FLUID FLOW MEASURING EQUIPMENT 


7842 BURNET AVENUE, VAN NUYS, CALIFORNIA—STanley 3-1055 


=| 


Burgundy Room 
Propulsive Systems—II 
Chairman: Ivan E. Tuhy, The Martin Com- 
pany, Baltimore, Md. 
Vice-Chairman: E. Sheehan, Bureau of 
Ordnance. 
+ Techniques Used in Ramjet Engine Speed 
Control, by H. J. Nelson and R. B. Farrar, 
Bendix Products Division-Missiles, Misha- 
waka, Ind. (421-57) 
+ Design Considerations of the Vanguard 
Third Stage Rocket Engine, by Will 
Schaafsma, Grand Central Rocket Co., 
Redlands, Calif. (423-57) 
+ The Relation between Mission and Pro- 
pulsion System in Missiles, by James M. 
Carter, Carter Laboratories, Inc., Pasadena, 
Calif. (420-57) 


2:30 p.m. 


Continental Room 

High Speed Sleds—IV 
Chairman: R. K. Hendricks, Eglin Air Force 

Base, Fla. 
Vice-Chairman: D. P. Ankeney, U.S. Naval 

Ordnance Test Station, China Lake, Calif. 
+ Redstone Arsenal Ballistic Ramp, by 
K. L. Carroll, Redstone Arsenal, Huntsville, 
Ala. (412-57) 
+ Mechanical Problems of Track Vehicle 
Design, by Richard F. Chandler, Holloman 
Air Development Center, Holloman AFB, 
Alamogordo, N. M. (413-57) 
+ The Development of the Rescu, Mark I, 
by H. F. Mohrlock, Convair, San Diego, 
Calif. (414-57) 
+ Liquid Rockets for Supersonic Sleds, by 
C. E. Roth, Jr. and H. M. Poland, Aerojet- 
Genera] Corp., Azusa, Calif. (415-57) 
+ Measurements of the Vibration Environ- 
ment in a Supersonic Liquid-Propellant 
Rocket Sled, by G. M. Barr and S. C. Morri- 
son, The Ramo-Wooldridge Corp., Los 
Angeles, Calif. (416-57) 


2:30 p.m. 


Sheraton Hall 
Cherry Blossom Ball 
Saturday, April 6 
8:00 a.m. 


9:00 p.m. 


Sheraton Hall (North End) 
Breakfast 


(Courtesy of Grand Central Rocket Com- 


pany, Redlands, Calif.) 


Speaker: To be announced ea 


10:00 a.m. 
Astronautics—I 

Chairman: Kurt Stehling; Naval Research 
Laboratory, Washington, D. C. 

Vice-Chairman: Donald Markarian, The 
Martin Company, Baltimore, Md. 

+ The Mechanical Aspects of the Vanguard 

Flight Control System, by F. Gordon Sholes, 

Jr., The Martin Company, Baltimore, Md. 

(424-57) 

+ Support Requirements of the Vanguard 

Satellite Launching Vehicle, by Sears Wil- 

liams, The Martin Company, Baltimore, 

Md. (425-57) 

+ Army Support of Vanguard and a Dy- 

namic Display System for Presenting Satellite 

Tracking Information, by Charles M. 

Parkin, Jr., and Edward J. Madden, Fort 

Belvoir, Va. (426-57) 


Sheraton Hall (South End) 
Astronautics—II 
Chairman: N. Elliott Felt, Jr., The Martin 
Company, Baltimore, Md. 
Vice-Chairman: Krafft Ehricke, Convair- 
Astronautics, San Diego, Calif. 
+ Design, Fabrication and Testing of First 
Man-Made Satellite, by Robert Bauman, 
Naval Research Laboratory, Washington, 
D.C. (427-57) 
+ Reentry of Spherical Bodies into the At- 
mosphere at Very High Speeds, by Krafft 
Ehricke, Convair-Astronautics, San Diego, 
Calif. (428-57) 


10:00 a.m. 


JET PROPULSION 
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For its initial flight, the XX*-ton Talos ram-jet missile is pushed 
skyward by a powerful booster rocket. In a split second from 
launching, internal pressures are up to XXXX* psi. . . nozzle 
temperatures to XXXX* F. To design and produce a unit to 
endure such sudden torture called for an unusual combination 
of specialized engineering and fabricating skills. A major re- 
sponsibility for the Talos rocket case was assigned to The 
M. W. Kellogg Company 

Since 1951, M. W. Kellogg has been closely associated with 
the development and production of propulsion units for a wide 
range of missiles. Kellogg’s most recent contribution is the 
development of reinforced plastic for rocket cases, 
using a unique filament winding method 
which produces structures of 

DESIGN unparalleled accuracy and 


light weight. 
ENGINEERING 
DEVELOPMENT 
PRODUCTION 


*Actual figures classified 


FABRICATED PRODUCTS DIVISION 


THE M. W. KELLOGG 


711 THIRD AVENUE, NEW YORK 17, N. Y. 4 


A SUBSIDIARY OF PULLMAN INCORPORATED 


The Canadian Kellogg Company, Limited, Toronto « Kellogg International Corporation, London 
Companhia Kellogg Brasileira, Rio de Janeiro e Compania Kellogg de Venezuela, Caracas 
Kellogg Pan American Corporation, New York « Societe Kellogg, Paris 


4 
is 
4a 
4 
3 
, 


Developmen: 
Engineers 


| Circuitry 


Electrica 
Network Design 
chanical Analog Computer 
AC and DC Servo 


earch 
Electronic Res 
“le Control Systems 


Inerti 
Gyro D 
Product 
Servomec 


hanisms 


Ford Instrument Company’s new Missile Development 
; Division is expanding because of increased activity on | 
guidance and control work for major ballistic missiles such | 
as the Redstone and Jupiter. 
Are you interested in the opportunities this could bring 
you — and the increased responsibilities? To those engi- 
neers who feel they can measure up to the high standards 
of our engineering staff and who wish to do research, _ 
development and design work in the expanding new field - 
of missile engineering, write or phone Allen Schwab for “a 
an appointment or further information. 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
30-10 - 41st Avenue ° Long Island City 1, New York 


+ Trajectories and Orbits of the Vanguard 
Satellite, by Benjamin Lepson, Naval Re- 
search Laboratory, Washington, D. C. 
(429-57) 

+ Rocket Measurement of Solar Flares, by 
T. A. Chubb, H. Friedman, J. E. Kupperian, 
and J. Lindsay, Naval Research Laboratory, 
Washington, D.C. (430-57) 


12:30 p.m. Sheraton Hall (North End) 


Power for Progress Luncheon 


(Courtesy of Reaction Motors, Inc., Denville, 


N. J.) 


Speaker: Major General David H. Tulley, 
Commanding General, Engineering Center, 
Fort Belvoir, Va. 


7:30 p.m. Sheraton Hall 


Banquet 
Speaker: Athelstan F. Spilhaus, Dean, In- 
stitute of Technology, University of Min- 
nesota, Minneapolis, Minn. 


Presentation of Fellow Memberships to: 
Rear Admiral Rawson Bennett, Chief of 
Naval Research. 


Athelstan F. Spilhaus, Dean, Institute of 
Technology, University of Minnesota. 


Alan T. Waterman, Director, National Sci- 
ence Foundation. 


“We can go into space with today’s 
chemica! rockets. And it is likely that the 
first trip into space will be with chemical 
rockets because they are technically 
proven (known). Other propulsion sys- 
tems hold greater potential but are not 
known. . . . Good ion rockets could be 
built today. A good photon rocket could 
not be built today but would open vistas 
not possible to conventional vehicles of 
today; e.g., travel to the whole uni- 
verse.’—ERNEsT STUHLINGER, Redstone 
Arsenal. 

“Conditions achieved in ground labora- 
tories don’t exactly reproduce actual space 
conditions. Therefore we must take to the 
air with our experiments as soon as possi- 
ble.’—Masor SranteEy USAF, 
Wright-Patterson Aero-Medical Center. 

“Possible answers to the problem of 
atmospheric heating upon re-entry are heat 
sink, porous cooling, materials which sub- 
lime at high temperatures, reaction of ma- 
terials with atmosphere in shock layer. . . 
Further study of foreign atmospheres 
could uncover commercial possibilities 
involving the chemical processing of 
atmospheric constituents such as methane 
into acetylene, ammonia into hydrazine, 
CuHaryk, Aeronutronic Sys- 
tems, Inc. 

“For a 630-pound, spherical re-entry 
vehicle five feet in diameter, twenty-five 
per cent of total weight would have to be 
coolant.’’—LeEstTER I E£xs,' California Insti- 
tute of Technology. 

“Extended exposure to cosmic radiation 
at 120,000 feet doubles the mutation rate 
from two to four per cent.’””—HERMAN J. 
ScuaEFrer, Naval School of Aviation Medi- 
cine. 
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For specialized 


industrial 
purposes... 


butterfly 


valves 


Valves can be 
designed and produced 
to your specifications in 
stainless steel, steel, aluminum, 
magnesium and various alloys 


— 


in sizes from 11/2" up to 16” 


AiResearch butterfly valves han- either manual, pneumatic, elec- sensitivity over a wide throttling ; 


dle air, gaseous nitrogen, gaseous trical or hydraulic actuators and range and extreme dependability. 


helium, liquid oxygen, hydrogen with controls for pressure, temper- AiResearch has 15 years of 


ature and rate of flow. Basic char- 


peroxide and various types of 


fuels. Temperature capabilities 
range from —325°F to +1200°F. 
_ Valves can be provided with 
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acteristics are high flow capacity, 
tight sealing convoluted rims, ease 
of operation and maintenance, 


CORPORATION 


AiResearch Industrial 


9225 South Aviation Blvd., Los Angeles 45, California 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED 


experience in the design and man- _ 
ufacture of butterfly valves. You © 


are invited to contact us for more 
specific information. 


INDUSTRIAL PRODUCTS 
325 
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racking at 40,000 feet 
camera operating at 96 frames per second provides an 
accurate record. 


High speed 
Mitchell 
Camera in 
operation on 
tracking 
telescope 
mount during 
test run at 
Salton Sea. 


m frame from a Mitchell 


Salton Sea Test Base Uses Mitchell Cameras 
to Capture High Speed Action of Dummy Bombs — 7 a 
» 


High speed flight and laboratory tests, which hitherto have been difficult or 
impossible to view with the human eye, are today providing revealing informa- 
tion through high speed film recordings. 

Typical example of the widespread use of high speed cameras is the Salton 
Sea Test Base in Southern California, where drop testing of “dummy” bombs is 
a major activity. In testing carried on there, by Sandia Corporation for the Atomic 
Energy Commission, as many as 20 Mitchell high speed cameras may record dif- 
ferent angles in the flight of an experimental weapon “shape” from drop aircraft 
to impact area. 


Operating at 48 to 100 frames per second, the Mitchell cameras film accurate, 
steady images with maximum uniformity—even under difficult and complicated 
filming conditions. 

Mitchell cameras play a growing role in today’s research and development— 
just as 16mm and 35mm Mitchell cameras have become the leading professional 
motion picture equipment used by industry, television, and film studios through- 
out the world. Write on your letterhead for further information on the uses of 
Mitchell cameras in the field of military and industrial research. 


Photogram- 
metric mounts 
for 8 Mitchell 
cameras 
determine the 
position in 666 WEST HARVARD STREET 
space of a GLENDALE 4.CALIFORNIA 
nuclear 
explosion. 


CORPORATION 


Cable Address: ‘‘MITCAMCO” 
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Four More 


UALIFIED by reason of their work 

in the area of rocket or jet propul- 
sion, four more firms were recently ap- 
proved for corporate membership in 
the American Rocket Society. They 
are: 
e Allied Research Associates, Inc., of 
Boston, Mass. This company special- 
izes in, among other things, research and 
development of weapons effects, acro- 
thermodynamics, missile design, struc- 
tural dynamics, physics and_ physical 
chemistry, electronics, and instrumenta- 
tion. 

Representing the firm in ARS activi- 

ties will be: Lawrence Levy, president; 
Joseph Kelley, Jr., vice-president; Nor- 
man Buchbinder, treasurer; Daniel J. 
Fink, chief project engineer; Claude 
W. Brenner, project engineer. 
e Callery Chemical Co. of Callery, Pa. 
Callery is involved in research, develop- 
ment, and production of high energy 
fuels. 

Designated as ARS representatives: 

Ek. G. Sanner, president; W. H. Shee- 
ter, vice-president-operations; J. S. 
Bardin, Muskogee Project manager; G. 
F. Huff, research and development 
manager; R. A. Mulholland, market de- 
velopment manager. 
e Cornell Aeronautical Laboratory, 
Inc., of Buffalo, N. Y. Activities at 
CAL cover most phases of aeronautical 
research. 

Staff members selected for member- 
ship in the Society: Ira G. Ross, direc- 
tor; A. H. Flax, assistant director; R. 
H. Shatz, head of systems research; F. 
K. Moore, head of aerodynamics re- 
search; R. W. Kluge, head of weapon 
systems design. 

e Misco Precision Casting Co. of White- 
hall, Mich. Misco produces precision 
investment castings for jets and rockets. 

Designated as corporate representa- 
tives: T. Operhall, president and general 
manager; J. Cadieux, plant manager; 
C. Yaker, plant manager; K. J. Yonker, 
sales manager; C. W. Schwartz, tech- 
nical director. 


ARS Forms 


Six Technical Divisions 


AMERICAN Rocket Society 
last month announced the formation 
of six Technical Divisions designed to 
encourage broader participation by its 
members in ARS activities. 

The six divisions are the Instrumen- 
tation and Guidance Division, Liquid 
Rocket Division, Propellants and Com- 
bustion Division, Ramjet Division, Solid 
Rocket Division, and Space Flight Divi- 
sion. 

In a letter from ARS President Rob- 
ert Truax, members were invited to 
join two of these divisions. In _ his 
letter, Commander Truax pointed out 
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Oil free 


MULTI-STAGE BOOSTER COMPRESSORS 
compress helium or nitrogen from 
variable inlet pressure source 
such as commercial gas bottles to 


a higher outlet pressure. 


AsseM. No. 9200 
TacticaL DiEsEL ENGINE 
Driven 3-staGe 6000 Pst 
_ComMpresSOR FOR ATLAS MISSILE 


MODEL LS-III 40 TO 80 SCFM 


COMPRESSION WITHOUT LUBRICATION 


7 prevents oil contamination and 
7 insures highest purity of outlet gas. 


FOR TEST SITES — STATIONARY 
* OUTLET PRESSURES TO 10,000 PSI 
¢ INLET PRESSURES FROM 50 PSI MIN TO 
2,300 PSI MAX 
¢ CAPACITIES FROM 1 SCFM TO 80 SCFM 
5 TO 30 SCFM STANDARD ; 
(LARGER CAPACITIES ON REQUEST) 


MODEL SM-III 


FOR TEST SITES — SKID MOUNTED = 
AVAILABLE WITH ELECTRIC MoToR ? 
or GASOLINE ENGINE three 


for stationary, portable or 
tactical use 


FOR TEST SITES — PORTABLE 
Evectric Motor Drive — Air CooLep 


ENGINEERING & 
SUPPLY CO. 


1236 So. Central Ave., Glendale 4, California 


ASSEM. NO. 9315 1 SCFM 
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FLEXIBLE SHAFTING OFFERS 
NEW FREEDOM OF DESIGN 


Before the innovation of Flexible Shafting, 
it was necessary to transmit power from a 
drive unit to its driven unit by means of a 
solid shaft which utilized expensive and 
cumbrous gearing. Today the Flexible 
Shaft alone provides a means of transfer- 
ring this power from one unit to another 
by going around, over, and under obstacles. 
This allows you more space in your design, 
and eliminates the age old problem of 
having to have perfect alignment of the 
shaft and its drive or driven unit in order 
to make a connection. Flexible Shafts 
are simply curved towards the unit and 
connected by means of a ferrule, or an end 
fitting. If you have any application, now 
or in the future, which will require control 
from remote places, you owe it to yourself 
to write F. W. Stewart Corporation, 4311 
Ravenswood Ave., Chicago 13, Illinois, 
for complete information on Circle Ess 
Flexible Shafting. 


Leakproof 
Metering Valves 


Hi Vacuum to 6000 PSI. 
“O" Rings and Teflon or 
Seats are standard. 


Ny!on 


@ Over-torquing cannot damage 
seat or needle as buffer plate and 
metering pin act as a forming die. 

e@ Impossible to score needle or seat. 

e@ Lifetime Valve—can be completely 
overhauled in a matter of minutes 
without disturbing plumbing or mount- 
ing. 

@ The most economical valve in the 
long run. 


Write for further details 
ROBBINS AVIATION 


1735 W. Florence Ave. 
Los Angeles 47, Calif. 


| 
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that membership in a division is not 
obligatory but would allow participa- 
tion in the particular work of the di- 
vision selected. No extra dues are in- 
volved in joining a division. 

The first step toward the establish- 
ment of technical divisions was taken 
last year with the formation of six ARS 
Technical Committees. At its first 
meeting in 1957, the Board of Directors 
decided to proceed with the formation 
of these divisions, in which the entire 
membership could participate, under 
the leadership of the Committees. 

In 1957 ARS Membership Roster will 
include division listings for each mem- 
ber. 

Fields covered by the various divi- 
sions, along with Committee Chairmen 
and members, are as follows: 

Instrumentation and Guidance Di- 
vision—Missile guidance and control; 
piloted aircraft navigation and control; 
ground and flight instrumentation of 
rocket and ramjet engines and vehicles 
using these engines; instrumentation 
of related equipment and _ processes. 
Committee Chairman: John J. Burke, 
Hallamore Electronics Co. Vice-Chair- 
men: F. W. Lehan, Ramo-Wooldridge 
Corp. and R. J. Parks, Jet Propulsion 
Laboratory. Committee: J.T. Mengel, 
Naval Research Laboratory; Clayton E. 
Evans, Headquarters, ARDC; W. F. 
Sampson, Hallsmore Electronics Co.; D. 
Follan, Convair-Astronautics; and J. 
Wisniewski, Glenn L. Martin Co. 

Liquid Rocket Division—Liquid 
propellant rocket powerplants; vehicles 
or other devices using these power- 
plants; testing methods for liquid 
rockets; liquid propellants and related 
equipment. Committee Chairman: 
Edward N. Hall, Western Development 
Division, Air Research and Develop- 
ment Command. Committee: Paul 
Castenholz and Robert  Dillaway, 
Rocketdyne; Stewart Johnson, Ramo- 
Wooldridge Corp.; Douglas MacCal- 
lum, Douglas Aircraft Co.; Chandler 
C. Ross and Robert B. Young, Aerojet- 
General Corp.; Arthur P. Adamson, 
General Electric Co.; Joseph Piselli, 
Bell Aircraft Corp; and Robertson 
Youngquist, Reaction Motors, Inc. 

Propellants and Combustion Di- 
vision—Rocket propellants; ramjet 
fuels; combustion processes; produc- 
tion and handling of fuels and propel- 
lants. Committee Chairman: John 
F. Tormey, Rocketdyne. Committee: 
Don L. Armstrong, Aerojet-General 
Corp.; Cecil Warner, Purdue Univer- 
sity; Johann G. Tschinkel, Redstone 
Arsenal; David Altman, Aeronutronic 
Systems, Inc.; John Happel, New 
York University; Thomas F. Rein- 
hardt, Bell Aircraft Corp.; Douglas H. 
Ross, Allied Chemical and Dye Corp.; 
Chester N. McCloskey, Office of Naval 
Research; and Alexis W. Lemmon, Jr., 
Battelle Institute. 


Ramjet Division—Ramjet power- 
plants and all vehicles using these 
powerplants; testing methods for ram- 
jets; ramjet fuels and related equip- 
ment. Committee Chairman: Brooks 
T. Morris, Marquardt Aircraft Co. 
Committee: Franklin P. Durham, Uni- 
versity of Colorado; James W. Mullen, 
Experiment, Inc.; and William B. 
Shippen, The Johns Hopkins University. 

Solid Rockets Division—Solid pro- 
pellant rocket powerplants; all vehicles 
or other devices using these power- 
plants; testing methods for solid pro- 
pellant rockets; solid propellants and 
related equipment. Committee Chair- 
William L. Rogers, Aerojet- 


man: 

General Corp. Vice-Chairman: Ivan 
E. Tuhy, Glenn L. Martin Co. Com- 
mittee: Emil A. Malick, Phillips 


Petroleum Co.; C. Dana McKinney, 
Jr., Hercules Powder Co.; Harold W. 
Ritchey, Thiokol Chemical Corp.; Geof- 
frey Robillard, California Institute of 
Technology; William Schaafsma, Grand 
Central Rocket Co.; and Clarence E. 
Weinland, U. 8. Naval Ordnance Test 
Station. 

Space Flight Division—Long range 
ballistic rockets; space vehicles; space 
navigation; space medicine;  trajec- 
tories and orbits in space; physics of 
space; space law and sociology; space 
vehicle propulsion systems; space 
power supplies and support equipment; 
space communications. Committee 
Chairman: Krafft A. Ehricke, Convair- 
Astronautics. Committee: K. J. Bos- 
sart, Convair-Astronautics; George H. 
Clement, The Rand Corp.; George D. 
Colchagoff and William O. Davis, 
Headquarters, ARDC; Frederick C. 
Durant III, Arthur D. Little, Inc.; 
Andrew G. Haley, Haley, Doty and 
Wollenberg; Richard W. Porter, Gen- 
eral Electric Co.; Darrell C. Romick, 
Goodyear Aircraft Corp.; Milton W. 
Rosen and Kurt R. Stehling, Naval 
Research Laboratory; Alexander Satin, 
Department of the Navy; S. Fred 
Singer, University of Maryland; Hu- 
bertus Strughold, Randolph Air Force 
Base; and Wernher von Braun, Army 


Ballistic Missile Agency. 


Sections Now Total 35 


ITH the addition of Central Colo- 

rado, St. Joseph Valley, University 
Park, and Holloman Sections in the past 
few months, the total number of ARS 
Sections now stands at thirty-five. 

A charter presentation was made to 
the Central Colorado group at Lowry 
Air Force Base, Denver, on February 5 
by James J. Harford, ARS Executive 
Secretary. Receiving the charter for 
the Section was John R. Youngquist of 
Martin-Denver, president. Other offi- 
cers are G. P. Townsend, Sundstrand- 
Denver, vice-president; R.C. Lea and 
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expand your 
HEILAND 
oscillograph capacity as your 


Recording 


needs demand... Oscillogreph 


titi 


Magnet.assemblies ac- 
commodate from | to 
12 active galvanome- 
x > ters plus 2 static ref- 
erence traces each 


Series 700C oscillographs 
provide | to 60 channels 


The 700C oscillograph 
will fill your minimum 
recording needs, yet will readily 
expand to cover your broadest 
requirements. For instance : 


@ You can start with a minimum-budget recording 
oscillograph and equip it for one-channel recording 
if you like. But this same instrument can easily be 
expanded to a 60-channel instrument as it takes on its full 
complement of five magnet assemblies holding twelve 
galvanometers each. 


@ It’s easy to insert more galvanometers as needed. 
Each Heiland magnet assembly is completely pre-wired with 
galvanometer and heater connections. When several more traces 


Panel for 28 volt DC ; are needed, another magnet assembly can be installed without 
power mput ‘ special tools in less than 15 minutes. Neither model requires 
4 dummy galvanometers; there is no need for a full complement 


Panel for 115 volt 
50-10-40 cycle AC of galvanometers. 


power input @ The 708C, using 8-inch paper, will record one phenomenon 
or 36. The 712C, using 12-inch paper, records from 1 to 60 
phenomena. Both models will also operate on any width paper 


down to 2”. Paper speeds are from .03 to 144 inches per second. 


@ Use the same instrument on DC or AC... just specify 
the proper power supply panel. 


@ Use either instrument on the work bench, in a relay rack, 


usit the Meneywell Booth, 588 Show, or in airborne or mobile installations. 


New York Coliseum, Sept. ‘17-21. 
_ For complete details, write for Bulletin No. 701-FM. 


MINNEAPOLI 
Honeywell 5200 E. EVANS AVE., DENVER 22, COLORADO 
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7 INSTRUMENTS SALES—SERVICE FACILITIES AROUND THE WORLD 


R. B. Demoret of Martin-Denver, sec- 
retary and treasurer, respectively. 

The University Park Section, centered 
at Pennsylvania State University, re- 
ceived its charter from Mr. Harford on 
December 10. Harold M. Hipsh, head 
of State’s Aeronautical Engineering De- 
partment introduced Mr. Harford. 

The Holloman Section was slated to 
receive its charter from ARS President 
Robert C. Traux on February 27 at 
Holloman AFB, N. Mex. Gerhard Eber 
is president of this group and his officers 
and directors include: Paul D. Jose, 
vice-president; Randolph A. Becker, 
secretary; Joseph A. Bedinger, treas- 
urer; and directors John P. Stapp, 
David G. Simons, Bernard D. Gilden- 
berg, Gerhard W. Braun, and James 8. 
Hanrahan. 

The St. Joseph Valley Section, al- 
though it has not had its charter cere- 
mony as yet, has already staged several 
successful meetings under its president, 
C. M. Shaar, chief project engineer of 
Bendix Missile Section, Mishawaka, 
Ind. William H. Avery of Applied 
Physics Laboratory, The Johns Hopkins 
University, addressed a January meet- 
ing on ramjets; and Mr. Harford spoke 
on ARS before a February gathering. 
Other officers are: R. E. DeFrees, vice- 
president; C. R. Russell, secretary; and 
C. Ellsworth, treasurer. All are asso- 


ciated with Bendix. 
The complete lineup of Sections and 


= ty their presidents is as follows: 
one drop 


of leakage | 
can destroy a 
$1,000,000.00 
missile! 


there’s no leakage—ever— 


win CIRCLE SEAL VALVES 


DATA PROCESSING SPECIALISTS! 


Get in now —at the beginning 
of the new era in missiles! 


ATTRACTIVE SALARIES 
PROFIT SHARING 


When you join Telecomputing’s 
Engineering Services Division, 
you will be given full scope to 
allow you to grow. ..your talents 
will be used to the fullest... 
recognition and rewards will be 
yours as a matter of course. 

Not only is Engineering Serv- 
ices a member of an integrated 
five-company missiles systems 
corporation which designs and 
manufactures its own data- 
processing equipment, but it is 
responsible for all the data 
reduction of the integrated 
Holloman-White Sands range 
flight testing of all types of mis- 
siles including the newest devel- 
opments in the field. 


a 


RELOCATION PAY 
ACCREDITED EDUCATION 
GROUP INSURANCE 


A NEW LIFE IN NEW MEXICO'S — 
FABULOUS “LAND OF ENCHANTMENT™ 


MOUNTAIN SKIING AND DESERT 
RESORTS WITHIN 30 MINUTES! 


A WONDERFUL PLACE 
TO MAKE YOUR HOME — : 
GRAND COUNTRY TO RAISE KIDS! 


Send resume to WM. E. PATTERSON a 

TELECOMPUTING CORPORATION 
Engineering Services Division 

BOX 447 * HOLLOMAN AIR FORCE BASE © NEW MEXICO 


all 


» 

Alabama: Cliff E. Fitton, Redstone 
Arsenal 

Antelope Valley: Richard A. Schmidt, 
Edwards Air Force Base 

Arizona: Sidney Wade, Hughes Aircraft. 

Central Colorado: J. R. Youngquist, 
Martin-Denver 

Central Texas: E. F. 
Petroleum Co. 

Chicago: Gerald M. Platz, Armour Re- 
search Foundation 

Cleveland-Akron: Adelbert O. Tischler, 
Lewis Flight Propulsion Laboratory, 
NACA 

Columbus: M. W. Jack Bell, North 
American Aviation, Inc. 

Connecticut Valley: Charles H. King, Jr., 
United Aircraft Corp. 

Detroit: Charles W. Williams, Chrysler 


Fiock, Phillips 


CHECK VALVES to prevent back flow 
or back leakage. 

200 Series 00-3000 psi 

800 Series 0-600 psi 
Models available for virtually any liquid 
or gas service to 600°F. 


Premium quality valves made by Circle 
Seal guarantee abso/ute sealing under 
all pressure conditions. Circle Seal's 
patented sealing principle has proven 
100% RELIABLE in all applications. 


RELIEF VALVES, SHUTOFF VALVES, 
BLEED VALVES and other special valves 
manufactured to provide the same 
sealing efficiency characteristic 

of Circle Seal design concepts. 


COMPLETE ENGINEERING 
DATA AVAILABLE 


SHUTTLE VALVES for automatic cir- 
cuit switchover with no cross port leak- 


age. 

400 Series _0-3000 psi 
Models available for virtually any liquid 
or gas service to 600°F. 


JAMES, POND AND CLARK ncorrorateo 
2181 EAST FOOTHILL BOULEVARD, PASADENA, CALIFORNIA 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


Corp. 

Florida: R. L. Yordy, Pan American 
World Airways, Inc. 

Fort Wayne: Roy Jackson, Farnsworth 
Electronics Co. 

Holloman: Gerhard R. Eber, Holloman 
Air Force Base 

Indiana: James A. Bottorff, Purdue Uni- 
versity 

Maryland: Andrew W. McCourt, West- 
inghouse Electric Corp. 

National Capital: Erik Bergaust, Missiles 
and Rockets 

New England: Lawrence Levy, Allied 
Research Associates, Inc. 

New Mexico-West Texas: George L. 
Meredith, White Sands Proving Ground 

New York: Robert A. Gross, Fairchild 
Engine Division 
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CTUATORS 


SILVER CREEK , NEW YORK. 


= effective combination of design, know 
how and precise workmanship have made 
available this linear actuator. This rugged, 
compact, dependable unit has proven able 
to perform under the most adverse. conditions 
and temperature changes. 
In this particular design, overloads on the 
drive tube, in both directions of the stroke, 
actuate a short stub shaft, compressing the 
spring’and operating a limit switch which is 
connected to the power source. 
New heights of performance demand new 
standards of precision and dependability. 
Bring your next actuator design problem to 
us. 


Call or phone: 


NEWBROOK MACHINE CORP. 


SILVER CREEK, NEW YORK 
PHONE: 44 
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Niagara Frontier: William M. Smith, 

Bell Aircraft Corp. 

North Texas: George H. Craig, Convair 

Northeastern New York: A. H. Fox, 
Union College 

Northern California: A. K. Oppenheim, 
University of California 

Pacific Northwest: W. Emmett Coon, 
Boeing Airplane Co. 

Philadelphia: Abe 
Corp. 

Princeton Group: Jerry Grey, Princeton 
University 

Sacramento: Daniel M. 
Aerojet-General Corp. 

St. Joseph Valley: C. M. Shaar, Bendix 
Aviation Corp. 

St. Louis: James J. Mazzoni, McDonnell 
Aircraft Corp. 

San Diego: Krafft Ehricke, Convair 

Southern California: James A. Broad- 
ston, Rocketdyne 

Southern Ohio: 
General Electric 

Twin Cities: C. C. Chang, University of 
Minnesota 

University Park: Harold M. Hipsh, 
(Faculty Advisor) Pennsylvania State 
University 

Wichita: Lawrence J. McMurtrey, Boe- 

inz Airp!ane Co. 


Bernstein, Philco 


Tenenbaum, 


Thomas P. Meloy, 


‘Section Guide’ Out 


Copies of a recently prepared manual 
on ARS Section operation have been 
distributed to the officers of each of the 
35 Sections. 

The “Section Guide,” a 27-page multi- 
lithed document, is based on the experi- 
ences of the ARS and other technical 
societies. 

It deals with the duties of officers and 
committees, liaison with the national 
office, elections, finances, Section budg- 
ets, and the legal liabilities incurred by 
Sections. Appendices include a sample 


member-at-large. 


The ‘Ayes’ of Texas 


T THE Cattleman’s Cafe in Fort Worth, the North Texas electorate 
counted their recently cast votes, found they had elected the above Section 
officers for 1957: (1. to r.) Charles Crabtree, vice-president; B. O. Robinson, 
treasurer; W. H. Bender, secretary; George Craig, president; and Jack Kerr, 


“a 


budget form, sample report on receipts 
and disbursements, an outline of steps 
suggested in organizing a new Section, 
sample Section bylaws and sample 
minutes of meetings. 

Of particular help to Section officials 
is likely to be the page devoted to 
“Liaison with the National Office.” 
This page gives a chronological outline 
of the responsibilities expected of the 
Section, its officers, and committees. 

Those officers and committee chair- 
men who have not received copies of the 
publication are invited to request them 
from the Executive Secretary, AMERI- 
caAN Rocket Society, 500 Fifth Avenue, 
New York 36, N. Y. 


High Flyer 


APTAIN Iven Kincheloe, USAF test pilot who holds unofficial altitude 

record for manned aircraft (JeT PRopuusion, Nov. 1956, p. 992), was guest 
speaker at the January 17 meeting of the Cleveland-Akron Section. His 
subject, appropriately enough, was experimental flight testing of high speed 
With Kincheloe above are Louis Lazo 
(left) and Del Tischler (center), Section vice-president and president. 


research and pre-production aircraft. 


Sections 


Arizona: The following 1957 offi- 
cers moved into their posts officially 
at a meeting scheduled for last 
February 5: Sidney L. Wade, presi- 
dent; Robert M. Shuman, vice-presi- 
dent; Phillip Tannous, Jr., secretary; 
and Joseph Krancz, treasurer. 

Columbus: William C. Cooley, 
manager of Systems Analysis Section 
of General Electric Co.’s Nuclear Pro- 
pulsion Department, was the guest 
speaker at the January 10 meeting. 
In his talk on the ‘‘Present Status and 
the Future of Rocket Propulsion,” 
Dr. Cooley discussed the possibilities 
of using fission and fusion reactions 
directly in the combustion chamber. 
He also talked about using a magnetic 
field to contain the extremely hot 
gases instead of depending solely upon 
metallic or ceramic walls. 

Fort Wayne: Farnsworth Elec- 
tronics Co. provided both men chosen 
by the electorate as this year’s presi- 
dent and vice-president. They are, 
respectively, Roy Jackson and Frank- 
lin H. Brady. 

Following the ballot count on 
December 17, John Bolam gave mem- 
bers a rundown on the ARS Annual 
Meeting which took place in New 
York last November. 

Indiana: A tour through the Pur- 
due University Jet Propulsion Center 
climaxed by firing of an experimental 
rocket motor was the high point of 
the Section’s January 12 program. 
At the Center, members had an oppor- 
tunity to learn a little about the many 
research projects underway there, 
most of which center about beat 


transfer and film cooling of rocket 


motors. 
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HERE and... 


For the 

first time 

the behavior 
pattern 

of a free space 
Moving Target 
can be directly 
calibrated 

and immediately 


evaluated / 


The proof of any guided missile is its 
performance. Not only is it necessary 
to provide accurate trajectory data in 
order to determine its effectiveness, but 
this must be made immediately available. 


To meet both requirements is the pur- 
pose of the AN/FPS-16 instrumenta- 
tion radar. This is the first radar 
developed specifically for Range Instru- 
mentation. It has demonstrated its 


Tmk(s) ® 


ability to track with accuracy in 
darkness, through clouds—under any 
atmospheric conditions—over extended 
ranges, and to yield data that can be 
reduced almost instantaneously to final 
form. This unit can also be assigned to 
plot performance of missile, satellite, 
drone and other free space moving 
targets. 


In the past, this data has depended upon 


Defense Electron 


optical devices, triangulation systems 
with long base lines and precision limi- 
tations, modified radar equipment and 
data reduction methods often requiring 
months for computation. The immediate 
availability of data evaluation provided 
by the AN/FPS-16, now being built by 
RCA under cognizance of the Navy 
Bureau of Aeronautics for all services, 
is a great forward step in Range 
Instrumentation. 
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OPPORTUNITIES FOR 


Metallurgists, Ceramic Engineers 
Welding Engineers 
Materials Test Engineers 


ample of Marquardt’s progress and challenge is this new test 
instrument — designed and built by Marquardt Aircraft Co. engineers. 
The only one in existence, it was created to provide information on 
short time elevated temperature properties of materials utilized in 
supersonic missiles and powerplants. 


4 ian Engineers are needed to conduct development programs 

a _ aimed at establishing design and manufacturing criteria 

vi =e for the application of metals to ramjet engines. These pro- 
— cover a wide variety of structural materials and 
ae different manufacturing processes. 


on Included are such diversified programs as: 


igi ] The evaluation of new alloys from aluminum to . 3 
molybdenum. 


oA 2 The development and evaluation of new manufacturing 
ey techniques from welding and forming to the application 
Pies 2, of ceramic coatings and high temperature brazing. 


os $3 Investigations of the physical and mechanical properties 
rs of materials at temperatures from —350°F to +3000°F 
“a for service lives ranging from seconds to hours. 


he 4 Support of the design and fabrication of experimental _ ty 
ramjet engines. 


; Requirements exist for personnel at all levels of training 
and experience. Bachelors —or advanced degrees in engi- 


neering are required. 
=m, Now is the time to write that letter, or call — 
John Murray, Professional Personnel 
16555 Saticoy Van Nuys, Calif. STate 5- 8361 


Marquardt” 


FIRST IN RAMJETS 
Van Nuys, California - Ogden, Utah 


Maryland: On January 15, C. H. 
Dodge, project engineer with Aerojet- 
General Corp., gave members a fairly 
complete rundown on the Aerobee 
series of sounding rockets and their 
role in high altitude research. 

New York: On January 11, some 
200 members of the Princeton Group 
heard author Willy Ley predict that 
humans will occupy outer space 
satellites by 1982 and will land on the 
moon shortly thereafter. The prob- 
lem, as seen by Mr. Ley, is not so 
much in getting there but in getting 
back again. 

Northern California: At their an- 
nual meeting in San Francisco on 
January 17, members elected the fol- 
lowing officers for 1957: A. K. Oppen- 
heim, president; E. A. Quarterman, 
vice-president; F. I. Given, secre- 
tary; and L. A. Walker, treasurer. 

Guest speaker for the evening was 
ARS President Robert Truax, who 
related history of early rocket de- 
velopment work in the U.S. Navy. 

Pacific Northwest: Recent elec- 
tions brought the following men into 
office for 1957: W. Emmett Coon, 
president; G. Truxton Ringe, vice- 
president; Walter B. Mills, secretary; 
and Richard H. Truly, Jr., treasurer. 

San Diego: Mixing social hours, 
dinners and lectures, San Diego Pro- 
gram Chairman Neil O’Rourke came 
up with several interesting and well- 
attended meetings. On Oct. 9, guest 
speaker William H. Dorrance of Con- 
vair went into the problem of successful 
re-entry into the earth’s atmosphere. 
Addressing the group on Nov. 13, John 
E. Naugle, also of Convair, concerned 
himself with the nature of cosmic radia- 
tion. Dr. Hubertus Strughold, featured 
speaker on Dec. 13, discussed medical 
problems involved in space operations. 


—— 


Available 


The American Rocker Soct- 
ETY Committee on Monopropel- 
lant Test Methods has completed 
work on its second recommended 
test procedure. Titled ‘Mini- 
mum Pressure for Vapor-Phase 
Ignition,” the compilation is now 
available from the AMERICAN 
Rocket Society, 500 Fifth Ave- 
nue, New York 36, N. Y. Cost is 
$1/copy. 

Purpose of this particular work 
and of the Committee is to estab- 
lish standard procedures for test- 
ing monopropellants. Adoption 
of these carefully derived proce- 
dures by industry and govern- 
ment alike would then permit 
scientists to make direct compari- 
sons of test results in this im- 
portant field. 
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Can you use the talent that built 
1,500 Y-4 bombsights on schedule? 


These General Mills technicians are representative of the production talent that built more than 
1,500 Y-4 bombsights, 1,500 coordinate converters, 1,400 azimuth and sighting angle indicators 
and 1,400 amplifier and power supply units—and, delivered them to the Air Force on time. Here 
the men inspect a bombsight before it progresses to the next stage of production. 


Because we have the highly skilled Such performance has come to be ex- 
men—and the men have the specialized pected of us and has benefited many 
tools and machines—we produce preci- other customers. We’d like to help 


sion piece parts or complete, complex with your production problems too. 
assemblies to meet the most exacting 
requirements. 

While building the Y-4 bombsight, 
we improved original design, exceeded 
USAF specifications. In addition, our 
thorough testing facilities assured de- 
livery of only perfect instruments. 


Booklet Tells More, explains me- 
chanical and electro-mechanical 
production facilities. Send to 
Dept. JP-3, Mechanical Divi- 
sion, General Mills, 1620 Central 
Ave. N.E., Minneapolis, Minn. 


MECHANICAL DIVISION 


No slow-downs for the B-47— Bomb- 
sights ready in advance! During pro- 
duction of the B-47 Stratojet, not 
a one was kept from the ready-line 
for lack of a bombsight. The same 
developmental, engineering and pro- 
duction skills that gave the Air Force 
on-time delivery are available to 
speed production of your products. 


General 


CREATIVE RESEARCH AND DEVELOPMENT —~ PRECISION ENGINEERING AND PRODUCTION 


Mills 
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Snap it, crinkle it, bend it—and Du Pont Lino-Writ 4 
springs back like new... with its record intact! New 
Lino-Writ 4 owes its ruggedness to an all-rag paper 
base. And strength is only part of the story. 


Lino-Writ 4 is fastest... the paper with the widest 
range: from 60 to 5,000 eps. 


Lino-Writ 4 is thinnest... 20% thinner than previous 
extra-thin Du Pont paper; permits splice-free rolls in a 
standard magazine; translucence enables you to dupli- 
cate records in standard reproduction equipment. 


Lino-Writ 4 is whitest... produces sharp records 


without special processing. 


Lino-Writ 4 is the latest addition to our family of 


photorecording papers: regular Lino-Writ 1; medium 
Lino-Writ 2; high-speed Lino-Writ 3. All Lino-Writ 
papers take pencil and ink markings well, including 
ball-point pens. 


FOR FURTHER INFORMATION on Du Pont photorecord- 
ing papers and processing chemicals, call Western 
Union Operator 25, who will give you the name, 
address and telephone number of your nearest dealer. 


E. |. DU PONT DE NEMOURS & CO. (INC.) PHOTO PRODUCTS DEPARTMENT 
Wilmington 98, Delaware , 


OSCILLOGRAPHIC 
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BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 
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Book Reviews 


Gas Kinetics, by A. F. Trotman- 
Dickinson, Academic Press, Inc., New 
York, 1955; Butterworths Scientific 


Publications, London, x +322 pp. $8. 


Reviewed by R. C. ANDERSON, 
University of Texas 


Tbe author notes that this is a critical 
survey of experimental results and a 
discussion of their significance, designed 
particularly for the undergraduate seeking 
a general account of gas kinetics and the 
beginning research worker seeking a key 
to the literature. ‘Gas kinetics’ as 
used here refers to the chemical kinetics 
of strictly gaseous reactions and also 
such physical factors as molecular motion 
and energy transfer which play an essential 
role in the chemical processes. Major 
emphasis is, of necessity, placed upon 
the simple, elementary reactions since 
they are the only ones reasonably well 
understood. 

It should be noted also that the reader 
is assumed to have a good background in 
physical chemistry. This includes, for 
example, concepts such as van der Waals’ 
radii, entropy, and energy of activation. 
Some knowledge of statistical mechanical 
methods is also assumed; for example, 
some familiarity with energy surfaces 
and partition functions. 

The author has accomplished _ his 
general purpose admirably. The book 
is well written and well organized. The 
basic theories of chemical kinetics are 
discussed clearly and careful consideration 
is given to the problem of transfer of 
energy in molecular collisions which is 
essential for any reaction. 

The chapters dealing with various types 
of reaction and examples of these are 
particularly effective in the timeliness 
and scope of their coverage. A wide 
variety of atomic and free-radical reagents 
are covered. The discussion of these 
includes also many of the more recent 
experimental developments, such as the 
use of shock tubes, nitric oxide inhibition 
studies, flash photolysis and sector timing 
methods, and diffusion flames. Extensive 
references to the literature are made 
available. 

This reviewer would differ with the 
author in his handling of oxidation re- 
actions in the Preface rather than the 
text. The point is well taken that in 
most cases the mechanisms of these 
are not known (though it is certainly 
questionable, for example, that this 
applies to hydrogen-oxygen reactions). 
However, some of the contributions 
made in the study of oxidation and the 
questions they raise should not go with- 
out mention in a general treatment of 
gas kinetics. Problems such as those of 
nonequilibrium conditions of energy trans- 
fer and the significance of ‘‘temperature’”’ 
in high energy systems; the variety and 
interplay of intermediates in many 
systems; and the role of branching re- 
actions in chain mechanisms are of basic 
importance to the field. 

Nonetheless, the book is an effective 


Ali Bulent Cambel, Northwestern University, Associate Editor 


contribution to the literature. In addi- 
tion to the two groups mentioned by 
the author it is also recommended to 
experienced workers in the field interested 
in a refreshing discussion of the present 
status of basic theories and also a good 
summary of a variety of experimental 
techniques and results. 


Temperature, Its Measurement and Con- 
trol in Science and Industry, vol. 2, 
edited by Hugh C. Wolfe, Reinhold, 
New York, 1955, 477 pp. $12. 

Reviewed by ALLAN SCHAFFER 
Ramo-Wooldridge Corp. 

This volume contains papers presented 
at the Third Symposium on Temperature, 
sponsored by the American Institute of 
Physics in 1954. The first such sym- 
posium was given birth in 1919 under 
the title “Symposium on Pyrometry.”’ 
Twenty years later in 1939 another 
symposium was held and the proceedings 
bore the same title as the present book, 
which is considered as Volume 2 of the 
series. Only 15 years elapsed between the 
second and third symposia so that in the 
future we can, perhaps, expect a new 
volume every decade or so. 

Volume 1 was a momentus work (126 
papers, 1375 pages), and it has become a 
widely known reference. It served as a 
standard for the problems of its day, 
which were mostly in industry. Volume 
2 is much smaller (24 papers, 467 pages), 
but it concisely covers the challenging 
temperature problems of today, which 
are mostly in science. Only one article 
in the present volume is devoted to 
commercial techniques and none to 
industrial problems. In contrast, a pre- 
ponderance of Volume 1 was concerned 
with these subjects. This difference in 
the weighting of the subject matter 
between the two volumes serves as a 
commentary on the shift toward the 
scientific that has occurred in the last 
15 years. 

The present volume is well organized. 
The 24 papers are grouped into 5 sections 
entitled respectively: General Concepts, 
Standards and: Scales, Transient Phe- 
nomena, Experimental Measurements, and 
Miscellaneous Fopics. An attempt has 
been made to include in each section 
papers running the gamut from near 
absolute zero (0.001 K) to interior stellar 
temperatures (of the order of 100,000,000 
K). Most of the subjects of current 
interest have been covered by one or 
more articles, and a distinguished group 
of authors have contributed. The papers 
are generally of a summary nature. 
Unfortunately there exists an inconsis- 
tency in the amount of detail in the various 
articles so that some tend to be too brief 
while others are extremely detailed. 
Any of the papers will provide the reader 
with at least an introduction to the 


subject discussed, and every paper con- 
tains a complete bibliography. These 
bibliographies will prove to many the 
outstanding contribution of the book. 

A few of the papers that are most 


likely to be of interest to the readers of 
this journal will be mentioned. The 
first paper, entitled ‘““The Temperature 
Concept,” is concerned principally with 
the classical thermodynamic definition of 
temperature for an equilibrium system. 
It is of significance that this paper alone 
discusses the classical approach. The 
theme that pervades the book is the 
limitation of the temperature concept 
for nonequilibrium systems. Many au- 
thors discuss systems in which there is 
not equilibrium between the various 
energy manifestations, or not equilibrium 
within a given manifestation. These 
situations give rise to partial tempera- 
tures, such as rotational, vibrational, 
electronic temperatures, which are the 
concern of an informative article entitled 
“Relaxation of Partial Temperatures.’’ 
Present day problems are forcing the 
approach toward temperature to become 
less phenomenological and more statisti- 
cal. Temperature is being increasingly 
thought of as a parameter that de- 
scribes the distribution of molecules 
among various energy levels. This statis- 
tical view complements the phenomeno- 
logical approach to lend deeper under- 
standing to the meaning of temperature. 

Inhomogeneity and nonequilibrium are 
article 


two aspects discussed in an 
entitled “High Gas Temperatures.”’ 
Measurements of such temperatures are 


described in “Ionization Measurements 
at High Temperatures’ and in “Experi- 
mental Temperature Measurements in 
Flames and Hot Gases.’ This last 
article gives a good discussion of the 
meaning of temperature in flames. Fur- 
thermore, the author surveys almost all 
of the intensity distribution and radiance 
methods of flame temperature measure- 
ment. Unfortunately he gives little dis- 
cussion of the excellent work of Strong 
and Bundy with sodium D-line reversal 
measurements in inhomogeneous tempera- 
ture fields. Also he neglects to mention 
one of the most widely used techniques 
for measuring rapidly varying tempera- 
tures, the so-called modified D-line 
method developed by Millar, Winans, 
Uyehara, and Meyers. The article is 
nevertheless an excellent summary with 
a complete bibliography. 

One of the most fascinating papers is 
entitled ‘Temperatures in Atomic Ex- 
plosions.”” It describes the controlled 
production of temperatures comparable 
to those in the interior of stars. Inter- 
esting aspects are that thermal equilib- 
rium is approached inside the core of 
the bomb and that there is a practical 
limit to the highest temperatures obtain- 
able because of the heat capacity of 
electromagnetic radiation. A summary 
article of appeal to rocket enthusiasts 
is ‘Temperatures in the Upper Atmos- 
pheres.’”” Other papers of special interest 
are “‘Astrophysical Temperatures,’’ ““Ther- 
modynamics of Irreversible Processes 
and Fluctuations,” “Sound Velocity as a 
Measurement of Gas Temperature,’’ and 
‘“‘Temperature Measurement in Engineer- 
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ing.” This last article gives an _ ex- 
cellent survey of commercial instruments 
and techniques. 

In summary, the reviewer believes that 
the present book constitutes a valuable 
and useful addition to the scientific 
library. The volume is a worthy second 
edition to what promises to be a series 
of standard references on temperature. 


Nuclear Fuels, by D. H. Gurinsky and 
G. J. Dienes, D. Van Nostrand Co., 
Princeton, N. J., 1956, 364 pp. $7.50 

Reviewed by J. P. FRANKEL 
Systems Laboratories Corp. 

With the large number of documents 
which have appeared recently and the 
great publicity that attended the Geneva 
Conference last fall many technologists 
both in and out of the field of reactor 
technology have been impressed by the 
large amount of material which was de- 
classified and exposed to public view for 
the first time. In no field is this more 
pronounced than in the field of reactor 
materials in general and fission fuels in 
particular. For instance, except for possi- 
bly a single report, it was not even known 
prior to Geneva outside of classified 
circles that fissioning fuels were subject 
to extreme distortions in use, although 
the mechanisms of this, the most severe 
damage encountered in uranium fueled 
reactors, had been debated in the secret 
literature for at least five years and is 
still not understood. 

This situation has enabled the authors 
to present within the confines of a single 
bookfa large amount of information other- 
wise’available only in the Geneva papers 
and scattered declassified documents 
In this sense alone the book is well worth 
its price to readers interested in reactor 
fuel problems. Perhaps for the same 
reason the book will serve much better 
as a reference work than as a text. 

The book has three parts: Metallurgy 
of Uranium and Thorium, Radiation 
Effects, and Solid and Fluid Fuels. The 
first part is a valuable collection of 
metallurgical data, well presented, but 
naturally limited by spatial considerations. 
It is unfortunate that the metallurgy of 
plutonium could not be discussed (pre- 
sumably security restrictions prevented 
release of plutonium information at 
Geneva) and the number of different 
materials that could be discussed was 
considerably fewer than in the so-called 
AEC package of handbooks that have 
been available since Geneva, but the 
treatment is excellent as a prelude to the 
second part. 

The second part of the book really has 
no equal in the published literature. 
It is an excellent summary of the state 
of our knowledge of irradiation effects. 
So, also, are the review articles that have 
appeared recently in periodicals, but the 
outstanding characteristic of this work is 
the section on the damage to fissionable 
fuels, especially with respect to di- 
mensional stability. This problem is 
still unsolved, of course, at least in the 
sense that there is no satisfactory theo- 
retical treatment of the problem, but with 
the publication of this book it is at last 
possible that unclassified research can 
be undertaken at universities. 

The ante section is a collection of the 
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technological considerations (in contrast 
to economic considerations) with respect 
to the selection and manufacture of 
specific fuel types. The authors wisely 
confine themselves to systems of known 
characteristics, such as the fluid U-Bi 
system developed at the Brookhaven 
National Laboratory, but the reviewer 
cannot help wishing that the authors 
had included some (even speculative) 
considerations of fluid fuels that are 
molten fissionable materials or packed 
beds of fluidized solids, since these will 
undoubtedly play a significant role in 
the development of economical and light- 
weight nuclear power systems. 


Reactor Shielding Design Manual, edited 
by Theodore Rockwell, III, D. Van 
Nostrand Co., Princeton, N. J., 1956, 
472 pp. Illus. $6.00. 

Reviewed by Donatp H. LouGHRIDGE 
General Motors Technical Center 


The great increase in industrial in- 
terest in the nuclear power business since 
the Atomic Energy Act of 1954 has 
brought a serious need for the collection 
and coordination of vast quantities of 
engineering data bearing on the many 
design problems associated with reactors. 
Furthermore, such digestion of experi- 
mental facts and the theory underlying 
their interpretation must be made avail- 
able to engineering colleges if the serious 
shortage of technical people in this field 
is ever to be satisfied. The Naval 
Reactors Branch of the AEC Reactor 
Division is to be congratulated on making 
available the necessary time of its technical 
director for the editing of such a compen- 
dium of information. 

The book obviously cannot be used as a 
textbook; neither is it a handbook. 
It will serve as an invaluable reference 
book for those in industry and universities 
who are confronted with the problem of 
adequate shielding of the various radia- 
tions produced by the fission process. 
A partial listing of chapter headings, such 
as basic theory, allowable radiation 
levels, core shielding, cooling system 
shielding, shield engineering, radioactivity 
of shut-down system, and effect of geom- 
etry of radiation source, shows the 
extent of coverage. 

Much of the data are presented in 
the form of tables and graphs, and the 
size of the book (8X10!'/2 in.) allows 
these to be printed large enough so that 
accurate use can be made of them. The 
printing is excellent and the mathematical 
derivations are clear and in most cases 
fully developed. In any future edition, 
however, it is to be hoped that a little 
more care will be exercised in the selection 
of the best form of derivations, as some- 
times one has the impression that too 
many equivalent derivations of a given 
result have been included. No serious 
typographical errors were noted. Never- 
theless, the book will be of much use to 
both scientists and engineers involved in 
reactor design. 

It is to be hoped that a similar volume 
covering the field of rea¢tor theory and 
its experimental verifications will be 
soon available./ The present text should 
serve as an excellent example of a useable 
format. / 


To the 
ENGINEER 
of high 
ability 
Through the 


efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 


Among them are: 
air-conditioning 
pressurization 


heat transfer 
pneumatic valves and 
controls 


electronic computers 
and controls 


turbomachinery 
The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
.. mechanical engineers 
. mathematicians... specialists in 
engineering mechanics... electrical 
engineers . .. electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your education and experience. 
Address Mr. G. D. Bradley 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 
DIVISIONS 
AiResearch Manufacturing, 
Angeles 
AiResearch Manufacturing, 
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AiResearch 
Cabin Air 
Compressors 


17 millio 


Latest designs will soon appear on the most modern 
turbo-jet (unit shown) and turbo-prop air transports 


Cabin air compressors by 
AiResearch are turbo-driven, shaft- 
driven or hydraulically-driven. 
They provide cabin airflows up to 
60 pounds per minute at 40,000 
feet, with pressure ratios up to 4.3. 
Their dependability and durability 
have been service-proved by the 


Designers and manufacturers of aircraft systems and components: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS - 
CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + WHEAT TRANSFER EQUIPMENT + 


Marcu 1957 


most extensive experience in this 
field — 4000 of these units are now 
in operation. 

These compressors are integrated 
into complete air conditioning sys- 
tems. The utmost compatibility is 
assured, since AiResearch manu- 
factures every component and has 


Los Angeles 45, California... Phoenix, Arizona 


ELECTRO-MECHANICAL EQUIPMENT 


experience in every problem of 
interrelationship between compo- 
nents. We have assumed complete 
system responsibility in this field 
for many of America’s finest pres- 
ent and projected airliners. 

Whether your problem involves 
components or complete systems, 
we invite your inquiries. 

Outstanding opportunities for 
qualified engineers. Write for infor- 
mation. 


AiResearch Manufacturing Divisions il 


TEMPERATURE CONTROLS 
ELECTRONIC COMPUTERS AND CONTROLS 
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For the inside story on 


LIQUID OXYGEN LEVEL... 


= 


NEW REVERE LIQuI 


FLOAT SWITCHES 


Straightforward in design, Revere Liquid Oxygen 
Float Switches provide positive indication or 
control of liquid oxygen level. Used in fueling 
missiles, filling storage tanks, charging aircraft 
oxygen systems, etc., these new Revere products 
resist thermal shock, contain no materials subject 
to impact detonation, and give safe, sure, re- 
peatable performance, 


Heart of the Liquid Oxygen Float Switch is the 
Revere magnetically actuated GLASWITCH*, 
hermetically sealed to insure safe operation in 
explosive atmospheres. The only moving part 
of the float switch is a metal float containing 
permanent magnets which operate the 
GLASWITCH* at a predetermined level of 
liquid oxygen. 


Revere Liquid Oxygen Float Switches provide 
accurate level indication when mounted at any 
angle from vertical to 45° at temperatures from 
—320°F. to +200°F. They are available with 
SPST or SPDT type contacts for either ascending 
or descending level actuation. Lead lengths and 
mountings to suit requirements. Other units for 
use with liquid nitrogen. *Revere trademark 


For detailed technical information, 
send for engineering Bulletin No. 1066. 


D OXYGEN 


This is just one of 
many float switches, 
flow switches, fuel 
flow transmitters, 
impeller flowmeters, 
and similar fuel 
system control 
devices designed 
and manufactured by 
Revere Corporation 


of America, 


Write to or 
Field Engineering 
Department today 
concerning your 


application. 


CORPORATION OF AMERICA 
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Rockets and Guided Missiles, by John 
Humphries, MacMillan, New York, 
1956, 230 pp. $6. 

Reviewed by Kurt STEHLING 
Naval Research Laboratory 


Another book on rockets and guided 
missiles has been added to the already 
extensive list of titles produced by 
British writers during the past 15 years 
or so. Although rocket and _ missile 
research in Great Britain has sadly 
lagged because of official apathy, the 
writers and dreamers have suffered no 
such restriction. They have produced 
many excellent books on space flight and 
rocket propulsion. This book by Hum- 
phries is no exception to this trend. 

The book covers a wider spectrum of 
rocket and missile science than any 
other this reviewer has seen. The author, 
in 230 pages, 121 illustrations, and 22 
tables manages to present something of 
the historical background, solid and 
liquid propellants and motors, rocket 
motors, rocket motor components, pro- 
pellant and motor testing, missile guidance 
and aerodynamics. 

After this ‘“Jato’’ takeoff and nothing 
daunted, the author grapples with short 
and long range aerodynamic and ballistic 
missiles, research missiles and testing, 
aircraft propulsion, rocket applications 
and nuclear energy and space flight. 

Then he tops off this rich fare with an 
appended bibliography of more than 
100 references, all of them indexed in 
the text. The author’s specialty (pro- 
pulsion) has, not unreasonably, driven 
him to devote 100 pages to rocket motors 
and propellants and less than 20 pages 
to missile guidance and aerodynamics. 
This is unfortunate, since this book is 
purportedly written for the ‘‘non-engineers 
with a practical turn of mind and beginners 
entering this field of work.’’ Therefore 
this group of readers may receive the 
impression (not uncommon even among 
technical people) that guidance and 
control, aerodynamics and _ structures 
are not as important as propulsion. 

The text is liberally garnished with the 
by-now somewhat moss-covered examples 
of World War II German missile practice. 
The author, perforce, had to trot these 
out because of the paucity of British 
missile enterprises and the logistic and 
security problems associated with ob- 
taining American guided missile data. 

Chapter 13 on ‘Miscellaneous Rocket 
Applications’ has an interesting and 
readable account of German torpedoes 
and submarines powered by rather special- 
ized engines burning concentrated hydro- 
gen peroxide and various fuels. While 
these applications are not, strictly, exam- 
ples of rocket usage, they show the ver- 
satility of peroxide as an oxidizer. 

The author concludes with the hopeful 
statement that ‘‘the satisfactory applica- 
tion of nuclear energy or the stabilizing 
of monatomic hydrogen, will make the 
missile of two decades hence as great an 
advance over present day missiles as the 
De Havilland Comet is over the Wright 
Biplane.” 

This is a good and logical ending, 
although one might wish that the author 
could have used for comparison some 
other aircraft instead of the Comet. 
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MISSILE SYSTEMS 


THERMODYNAMICS 


« 


Dr. Lloyd H. Wilson (left), Thermodynamics Section engineer, discusses 
comparisons between theory and free flight test experimental data on boundary 
layer transition in hypersonic flow with Maurice Tucker (center), head of the 
Aero and Thermodynamics Department, and Thermodynamicist Karl G. Reseck. 


Few areas of missile systems endeavor have equalled the 
increasing importance or complexity of Thermodynamics. Moreover, 
it is an area that promises to assume even greater magnitude 

as problems now being approached require major advances in 
Thermodynamics research and development. 


At Lockheed Missile Systems Division, Thermodynamics engineers 
and scientists are performing work of a most advanced nature on: 


"= Design of re-entry configurations 

# Thermodynamic integrity of components 

# Surface cooling techniques 

Transient thermo-chemical and ionization 
in hypersonic boundary layer 

® Dynamics of rarified gases 


Significant developments in these areas have created supervisory 
positions for engineers and scientists possessing exceptional ability 
and experience in these fields. A need also exists for individual, 
research and development analytical activities. Positions are open in 
both Van Nuys and Sunnyvale engineering centers. Inquiries are invited. 


MISSILE SYSTEMS DIVISION 


research and engineering staff LOCKHEED AIRCRAFT CORPORATION | 
VAN NUYS: PALO ALTO + SUNNYVALE CALIFORNIA 
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PRECISION ACTION, SMALL SIZE, LOW COST are features of 
Bristol's new pressure switches for aircraft electrical circuits. 
: By Miniature size shown here. 


Miniature pressure 
switch for aircraft use 


Accurate, reliable, repeatable performance in any position 
and under MIL-spec environmental requirements is the design 
aim for Bristol’s® new line of pressure switches. 

Designed specifically to meet aircraft requirements, the 
switches are precision devices for switching electrical circuits 
in response to pressure changes in gases and liquids. They're 
available in both regular and miniature sizes. 

Specially-designed capsular elements—All stainless steel or Ni-Span 
| C, welded construction. Exclusive design assures maximum re- 
sistance to vibration. 

Absolute, gage, and differential pressure models available. 


Hermetic sealing affords maximum 
protection. All exterior joints are 
metal-to-metal or metal-to-glass. 


Outstanding over-range protection — 
Built to take high 
without damage or loss of calibra- 
tion. 


Variety of mounting arrangements 

possible— Clamps, studs, or pres- 

sure fittings can be utilized to 

mount switch in any appropriate 

location. BRISTOL’S REGULAR-SIZE pres- 
Write for bulletin AV2004. The Uze Switch. Both regular 


and miniature switches are 
Bristol Company, 175Bristol Road, ade in absolute, gage, and 


Waterbury 20, Conn. 6.44 differential pressure models. 


TYPICAL SPECIFICATIONS 
Miniature Regular 
Size ‘Size 
Pressure Setting: Any pressurebe- Any pressure be- 
tween 2 psi and tween 5 psi and 
100 psi, absolute, 150 psi, absolute, 
gage, ordifferen- gage, or differen- 
tial, as specified tial, as specified 
Contact Ratings: 5 ampand10amp 5 amp and 10 amp 
resistive at resistive at 
30v d-c or 115va-c 30vd-c or 115v a-c 


Weight (ounces): 1% 6 
Size (inches): 1% fone 25% long 

15/16 diam. 24% diam. 
Ambient Range: —65°F to 250°F —65°F to 250°F 
Vibration & k: Designed to meet Designed to meet 


Spec. MILE-5272A Spec. MIL E-5272A 


OL FINE PRECISION INSTRUMENTS 
FOR OVER 67 YEARS 


AERODYNAMICS 
INSTRUMENTATION 


SPECIALIST 


TO $8,500 


Creative instrumentation 
engineer with knowledge of de- 
velopment and application of aero- 
dynamic instruments to design and/or 
select instrumentation components and sys- 
tems for the development testing of gas turbine 
engines. Establish procedures, standards, and 
specs. Conduct analytical and experimental 
studies leading to improved designs and 
techniques. Direct application, in- 
stallation and operation, includ- 
ing training technicians. 


Please send resume 
in confidence lo: 


BOX NO. U 
AMERICAN ROCKET SOCIETY 


i 500 FIFTH AVENUE 
Bis a NEW YORK 36, NEW YORK 


“MONOBALL”’ 


Self-Aligning Bearings 


PLAIN TYPES 


Ext. 
INT. 
PATENTED U.S.A 


All Werld Rights Reserved 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high temper- 
1 Ball and Race peda (800-1200 degrees F.). 
2 Chrome Alloy { For types operating under high radial 
Steel Ball and Race ultimate loads (3000-893,000 Ibs.). 
3 Bronze Race and { For types operating under normal loads 
Chrome Moly Steel Ball ( with minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. JP-57. 


SOUTHWEST PRODUCTS CO. 


9 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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NIAFRAX NO 
from 1/2" to 30"? 


intricate shapes and can be produced 
to close tolerances in sizes ranging 


from 4%” to more than 30” in diameter. 


silicon-nitride-bonded silicon 
carbide refractories stand up to 
extreme temperatures, heat shock and 
erosion for the full burning time. In 

fact, NIAFRAX nozzles and liners will 


often last through several firings. 


For details, write Dept. T37, 
Refractories Division, 

The Carborundum Company, 
Perth Amboy, New Jersey. 


CARBORUNDUM 


Registered Trade Mark 


Whether your require upesigned 


ments are for Liquid 0° ot 120° PHASE-SHIFT 
Propellent rockets, ram- 
jets, pulsejets turbojets Phase- 

or turboprops, Delavan CIRCUIT wy ioe 


offers complete facilities 
to design, develop, test 
and produce the fuel in- — 
jectors needed. 


Driving coil and reed assembly of the OAK 
605 Chopper are so designed that the electrical and me- 
chanical lags add up to 180° at 400 cps, at 6.3 volts, 25° C. 
This eliminates the R-C phase-shift circuit ordinarily 
placed in series with the driving coil to bring the total 
lag to this 180°. The saving of a circuit means saving 
in weight, space, and components. 

Other OAK choppers can be supplied at any operating 
frequency from 15 to 600 cps. These have the same 
polarity at output as at input, with a phase angle less 
than 180°. All have extremely stable characteristics. 


SPECIFICATIONS 
Coil: Current, 25 ma; impedance, 
190 ohms; resistance, 160 ohms. 


nozzles, each design 
specifically to meef 
iven.set of requ 


Contacts: Dwell time, 150-160°; 
rating, 100 V, 2 ma. Resistance, 
less than 200 milliohms. 

Phase Change: + 10° At con- 


stant 400 cps under all conditions 
of use and life. 

Noise: Less than .5 millivolt RMS 
into 1 meg. 

Vibration: 10-55 cps. 

Weight: Less than 1 oz; dia. 
11-16”. 

Height: Seated, 15%”. 


Above is the new 
chopper with side 
mount. Available 
with flattened, 
pierced pins or with 
solder loops; also 
vertical flange mount. 


Switches 


Rotary Solenoids 
Vibrators 


Special 
MFG. CO. 


Assemblie 
Choppers 


Dept. P, 1260 Clybourn Ave. 
Chicago 10, Illinois 


Phone: 
MOhawk 4-2222 
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*ATMOSPHERIC SOUNDING PROJECTILE 


“The Asp” we are talking about serves all mankind. 
It is a rocket vehicle that achieves 150,000 feet 

in 60 seconds! Up there, it collects new data in the 
interest of science. We are especially proud to have 
developed the solid propellant rocket motor in “The 
Asp” for the Cooper Development Corporation 
which designed and fabricated it. 


The Grand Central Rocket Co’s. acknowledged 
leadership in solid propellant rocket power systems 
has attracted the finest engineers. We invite 


GRAND CENTRAL ROCKET CO. 


= = 
Please Direct Professional Applications 
Leslie Van Dusen, Personnel Manager. 


Marcu 1957 
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Equipment 


Electrical, Electronic 


Quartz Transducer. Operates te 600 
F without cooling or intermittantly to 
3000 F. Stainless steel construction, 
0-2000 psi range, 1 per cent linearity. 
Kistler Instrument Co., 15 Webster St., 
North Tonawanda, N. Y. 


Thermistor Overheat Detector. Ad- 
justment temperature range of 170-270 F 
plus temperature differential of 10 F over 
adjustment range. Sensitivity of +0.- 
25 F. Indication or actuation functions. 
Fenwal Inc., Ashland, Mass. 


Accelerometer. Series LA 03-0200 
weighs 3 oz, has high output potentiom- 
eter pickoff and pressure-sealed case. 
Ranges of +5 g, +15 g, —10 to +35 g. 
Linearity is 0.5—1.5 per cent. Hum- 
2805 Canon St., San Diego 
6, Cali 


Seam & Spot Welder. For light gage 
metals, Model PMM OC-50-36° is _ 
operated, electric resistance press typ 
Sciacy Bros., Inc., 4915 W. 67 St., Chi- 
cago, Ill. 

Synchrotel Transmitter. One-pound 
unit transmits pressures as_ electrical 
signals. Features are reduced volume, 
improved response time. Kollsman In- 
a Corp., 80-08 45 Ave., Elmhurst 
73, : 


Nonspill Batteries. Two-volt cells are 
assembled in transparent plastic cases. 
Output is 13'/. watt hr/lb of battery. 
Electronic Batteries, Inc., 28-34 35 St., 
Brooklyn 32, N. Y. 


Mechanical 


Lox Hose. Inner hose of Cobra-Lox 
is corrugated from all brass seamless 
tubing. Insulated outside, with torque- 
resisting end fittings. Cobra Metal Hose, 
4640 W. 54 St., Chicago, IIl. 

Governor & Tachometer. Used for 
direct throttling or control of gas genera- 
tors, turbopumps, etc. Lee Co., Wesley 
Ave., Westbrook, Conn. 

Clamps. Designed for temperatures to 
1500 F, of 321 stainless. Model TA 1500 
in sizes of 1/, to 3:in. ID. TA Mfg. 
Corp., 4607 Alger St., Los Angeles 39, 
Calif. 

Flush Latch. Series 1100 with over 
center toggle action offers positive locking 
with minimum deflection. Weight is 
1 oz. Silicone rubber seals for high 
temperatures. Missile-Air, 1616 W. 134 
St., Gardena, Calif. 

“B” Seal. Lip design snaps on flanges, 
allows touch assembly. Service at 1000 

si and 1000 F. Threaded, standard 

-band, and articulated couplings avail- 
able. Awica Products Inc., 2113 Stoner 
Ave., Los Angeles 25, Calif. 

Stacked Spring Washers. Pre-assem- 
bled construction makes easy installation 
and gives high loads with small deflec- 
tions—35 lb of load with 0.025-in. deflec- 
tion per washer. Associated Spring Corp. 
Bristol, Conn. 


Test 


Ignition Temperature Apparatus. In- 
sulated flask system is thermocouple- 


equipped for combustible liquids. Re- 
search Appliance Co., Box 307, Allison 
Park, Pa 


Camera Mount. Quick-disconnect type 
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is shock resistant and permits return to 
identical position. Also used for securing 
other instruments. Huber Industries, Cin- 
cinnati, Ohio. 


Penless, operates on 
Multichannel models. 
Instruments Inc., Tulsa, Okala. 

Rate of Turn Table. Model 80A for 
testing gyros and switches from -67 to 
187 F and altitudes to 60,000 ft. Less 


Dry Oscillograph. 
xerograph process. 


than 1 per cent wow. Micro Gee Prod- 
ucts, Box 1005, 6100 W. Slauson Ave., 
Culver City, Calif. 

Periscopes. Industrial models for re- 
mote observation of inaccessable places or 
hazardous processes. Types include units 
for underwater, arsenal walls, chemical 
test cells, blockhouses, etc. 
zenox Instrument Co., 2010 Chancellor 


St., Philadelphia 3, Pa. ae 
Materials 

Acid Resisting Paint. Fluorinated resin 
coatings dry at temperature. 
Three-coat film (1 mil each) resists fuming 
nitric acid, aniline, hydrochloric acid, 
fuming sulfuric, hydrofluoric, peroxide, 
etc. J. Landau Co., Carlstadt, N. J. 

Aluminized Asbestos. Kamklad cloth 
reflects over 90 per cent of radiant heat. 
Garments made of this asbestos cloth 
make it possible for wearer to withstand 
temperatures of over 2500 F. Keasby & 
Mattison Co., Ambler, Pa. 

Chromium Carbide. Grades CR-1 and 
CR-2 offer high hardness at temperatures 
up to 2000 F with high resistance to 
chemical attack. Uses: dies, valves, 
seals, etc. Firth Sterling Inc., 3113 
Forbes St., Pittsburgh 30, Pa. 

Teflon Hook-Up. Wire available in 
sizes 16-28 with 10-15 mil coat of Teflon. 
Zero moisture absorption, operation of 
-265 to 260 C. Haveg Industries, 900 
Greenback Rd., Wilmington 8, Del. 

Stainless Welding ‘Electrodes. De- 
veloped for welding aircraft and light 
gage stainless steel by d-c reverse polarity. 

izes of 1/;-in. to !/s-in. Arcos Corp., 
Philadelphia, Pa. 

Teflon Wire. Operating range of -85 
to 410 F with sheath of silicone rubber. 
Hall Scott Inc., 2850 Seventh St., Berke- 
ley, Calif. 


Processes 


Cylindrical Plastic Shapes. Six tubular 
molds are centrifuged at high velocities 
to produce resin-glass fiber parts as large 
as 10 ft long by 44 in. diam. Output is 
one per minute with a single operator. 
The process is claimed to produce low 
costs, high strengths, and uniformity of 
tolerances. Pastushin Aviation Corp., 
5651 West Century Blvd., Los Angeles 
45, Calif. 


Titanium Descaling. The process re- 
quires only two immersion steps (one for 
scale conditioning, the other for removal) 
and two rinsing steps, following the heat 


_ forming or heat treating operation. Low 
~ temperature process (270-280 F) results in 
metal losses of 0.0001-0.0003 in. per side. 
Low hydrogen pickup; 100 per cent 
chemical clean without warping thin g 
Turco Products, 6315 8. Central, 
Angeles 1, Calif. 


Dust Magnets. Ultra-fine, elongated 
iron particles are used to make powerful 
new magnets without using nickel or 
cobalt. The magnets are easily machined, 
drilled, tapped, soldered, and molded 
into any shape. General Electric Co., 
Instrument Dept., Lynn, Mass. 


Devices. 


The growing list 
of solid geben sone gas generators is re- 
flected in the following new applications: 


Cartridge Pull Unit. Model 1002-1 pro- 
duces a 4000-5000 lb retraction force for 
the first 1/,.5 in. of its stroke with a total 
stroke of 1-1'/, in. A cartridge produces 
500-1000 psi gas. Unit weight is 1.8 lb. 
Taleo Engineering Co., Hamden, Conn 


Product Literature 


Welding Graphite. The process oper- 
ates in an atmosphere of inert argon gas 
under high pressure. The pieces to be 
welded are brought into contact and a d-c 
current is passed through them. The 
pieces are then separated slightly creating 
a high temperature arc. The combination 
of heat and pressure melts the graphite re- 
sulting in a weld instead of vaporization. 
National Carbon Co., 30 East 42 St., 
New York 17, N. Y. 

Plastic Tooling. Digest of prices, ap- 
plications, and resin selection. Covers 
epoxies and phenolics. * Marblette Corp., 
37-31 Thirtieth St., Long Island City 1, 


Gas Dehydration. Seven-page bro- 
chure covers line of dessicants, filters, 
purifiers. Robbins Aviation, 1735 Flor- 
ence, Los Angeles 47, Calif. 
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IS YOUR JET ENGINE 


RPM MEASUREMENT 


® READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 
10 RPM in 10,000 RPM (=0.1% ) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TaKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TaKCAL circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 


system, with the circuit and tachometer paralleled to obtain simultaneous i™~ J CHECKS TACHOMETER - 
reading. “SYSTEM” ACCURACY. 
The TAKCAL’s component parts are identical with those used in the 
J-Model Jetcat Analyzer. They are here assembled as a separate unit xplosion-proof TAKCAL 
tester and for use with all earlier models of the JETCAL Tester. ‘or special applications. 
The TaKCAL operates accurately in all ambient temperatures from Measures 200 to 7500 


‘M, direct reading, with 


—40°F. to 140°F. Low in cost for an instrument of such extreme 
£0.1% accuracy. 


accuracy, it is adaptable to application in _— other fields. 
For full information write or wire... 22) 


B & H makes the JETCAL® Analyzer 
and TEMPCAL® Tester se) 


B & H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. Fort Worth 7, Texas 


Sales-Engineering Offices: 
VALLEY STREAM, N. Y.: 108 So. Franklin, LO 1-9220 © DAYTON, OHIO: 209 Commercial Bldg., MI 4563 ® EL SEGUNDO, CAL.: 427 E. Grand Ave., EA 2-1644 
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DESIGN RESEARCH 
MANUFACTURING 


OF TRANSFER AND — : 
EQUIPMENT FOR 


LIQUID ROCKET 


The: unit is the result of sieenediiently 
a four year Research and Development Program. 
Texas Metal’s experienced staff of engineers and 
technicians have proven their ability to produce 
positive results in designing and manufacturing 
equipment for transferring highly dangerous and 
corrosive liquid rocket propellants. 


FUMING NITRIC ACID SYSTEMS ARE A SPECIALTY 
Pictured above is the B-2 Fuming Nitric Acid 

Servicing Semi-Trailer developed for the U. S. Air Force 

by TEX-MET. At left is a hand-operated acid sample pump. 
Whether you require transporting large quantities and 
servicing at high flowrates or sampling small quantities with 
absolute safety, TEX-MET makes the equipment. 


FOR FURTHER INFORMATION WRITE. 


TEXAS METAL & MFG. CO. 


9214 WEISS STREET e DALLAS, TEXAS 
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ball bearings! 


Look to New Departure—with its expanded facilities—_ 
for a full line of miniature ball bearings, 34” (.375”) 
outside diameter and smaller. 


These tiny steel “‘jewels” are made with extreme , 
accuracy on the finest equipment available . . . 
assembled, torque-tested, and packed in pressurized, 
atmosphere-conditioned areas of surgical cleanliness 

. to assure performance and dependability matching 
the most exacting needs of today’s precision industries. 


For full information about miniature bearings, ar 
or for engineering help on your bearing problems, 

call or write New Departure, Division of - 
General Motors Corporation, Bristol, Conn. 


WRITE FOR NEW DEPARTURE’S MINIATURE BEARING CATALOG 


SEE ‘‘WIDE WIDE WORLD” SUNDAYS—NBC-TV 


NOTHING ROLLS LIKE A BALL 
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Engineers looking for a company to grow with, should 
look to Marquardt Aircraft Co. Here is why! 

Under the guidance and leadership of Roy Mar- 
quardt, an engineer-president, Marquardt has become 
the undisputed leader in the field of ramjet engines — 
“the powerplant of the future”. 

In just twelve short years, the company has grown 
from one man’s idea to an engineering and production 
facility employing more than 2,500 people. 

But most important, Marquardt engineers have 
grown in skill, scope and professional ability along with 
the company’s many exciting and rewarding projects. 

Within the next two years, Marquardt will more than 
double its manpower. Even with this new increase in 
personnel, engineers joining Marquardt now will have 
this same opportunity to grow with the company. 


Marquardt offers Engineers an opportunity 
to grow with the company! 


engine business. A graduate of the 


November, 1944. 


For engineers in almost every specialty —from 
production engineering and qualification testing 
to advanced research in hypersonic propulsion — 
Marquardt means opportunity. 


Today is the day to write that letter to: Jim Dale, Professional Personnel 
16556 Saticoy Street » Van Nuys, California 


marquarq \ AIRCRAFT CO. 


VAN NUYS, CALIFORNIA OGDEN, UTAH 


FIRST IN RAMJETS 


ROY MARQUARDT, at 39 is the you 
est chief executive officer in the aircr: 


fornia Institute of Technology, he w 
Director of Aeronautical Research at t 
University of Southern California p 
to founding Marquardt Aircraft Co. 
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New Patents 


Auxiliary fuel cell (2,777,656). John R. 
Clifton, Rolling Hills, Calif., assignor to 
Northrop Aircraft, Inc. 

Jet airplane on which an area of the ex- 
ternal surface (upper rear part of fuse- 
lage) is formed ofan elastic material 
prestressed to maintain a predetermined 
suriace contour position in flight. Fuel 
is inserted under pressure into a chamber 
which the elastic material is the outer 
\l, distending the wall and increasing the 
acity of the chamber. 
air driven turbine (2,777,524). James 
Chapman, Charles F. Drexel, and 
nes E. Young, Los Angeles, Calif., 
ignors to The Garrett Corp. 
Flyweights coupled to adjustable pitch 
des in a constant speed turbine. Tor- 
n members tend to resist the centrif- 
al foree developed by the flyweights 
when rotating, actuating a pitch-adjust- 
ing member. 

Fluid sustained aircraft (2,777,649). Sam- 

ue! B. Williams, Birmingham, Mich. 

Helicopter with streamlined airfoil- 
shaped shrouds surrounding the rotor 
blides. Vanes direct incoming air down- 
wardly to the rotor, and tiltable parallel 
blades control the direction of air dis- 
charged from the aircraft. 

Tail pipe or afterburning control for turbo- 
t engines (2,778,191). Thomas J. 
hompson, South Bend, Ind., assignor to 

Bendix Aviation Corp. 

Fuel is burned in an aft chamber in 
addition to that supplied to the normal 
burner system before the turbine. The 
quantity of fuel fed to one or more (but 
not all) burners is increased to cause a 


you’ spurt of flame to project outwardly 
a through the turbine into the aft chamber, 
i with no substantial variation in engine 
at ty Speed. 

pri 

Co. 


Airplane with separable fuel tanks (2,777,- 
655). Connelly L. Graham, Covina, Calif., 
assignor to Northrop Airer raft, Inc. 

Means for increasing the perform: ance 
and range of a supersonic speed jet air- 
craft. An auxiliary wing with an aero- 
dynamic form suitable only for subsonic 
flight and containing fuel tanks, is at- 
tached below the airplane on a pedestal. 
A quick-release permits jettisoning the 
wing, pedestal, and tanks from the air- 
plane during flight. 

Ram jet engine (2,766,581). Harvey W. 
Welsh, Wycoff, N. J., assignor to Curtiss- 
Wright Corp. 

An expendable ductlike section secured 
to and extending rearwardly from the 
main section, and releasable in flight. 


Combustor basket structure (2,778,192). 


Pieter J. Kroon, Swarthmore, Pa., 
to Westinghouse Electric Corp. 
Open framework in which tubular mem- 
bers are supported in end-to-end over- 
lapping relationship, providing a com- 
bustion chamber wall. The members, 


assignor 


keyed to the framework, are removable by 
axial movement. 


Aircraft structural elements and especi- 
ally wings from _ reinforced concrete 
(2,776,100). Louis Breguet, Paris, France. 

In a wing surface, a pair of spaced 
tapered concrete box members having 
lightweight elements bridging the space 
between. Nonstressed skin imparts an 
unbroken outer surface. The same con- 
struction may also be used for tail sur- 
faces. 

(Application for this patent was made in 
1952. Although it does not apply solely 
to jet aircraft, it is mentioned here be- 
cause of its novelty and the prominence 
of the patentee as an internationally 
famous pioneer in aviation. He was ac- 
tive in his company until his death about 
two years ago at the age of 75.) 

Fuel supply and control means for turbines 
and turbo jets (2,776,537). Adolphe C. 
Peterson, Minneapolis, Minn. 

Fuel is discharged from a distributing 
conduit to the combustion chamber be- 
tween the primary air compressor and the 
primary turbine rotor. 


a Constant temperature air supply (2,776,- 


$62), Robert P. Davie, Jr., and Eugene 
L. Spearman, Jr., North Hollywood, 
Calif., assignors to North American 


Aviation, Ine. 

Pressurized air connected to an en- 
closed receptacle in a wind tunnel. Heat 
storage material within the receptacle 
precludes the air from appreciably drop- 
ping in temperature. 

Device for attaching auxiliary rockets 
to a flying machine (2,776,622). Roger A 
Robert, Boulogne-sur-Seine, France. 

Central collar on which rockets are 
arranged uniformly and parallel with the 
collar axis. Arms between the collar and 
rockets have resilient means deformable 
in the direction of the axis between each 
rocket and its supporting arm. 
Weathercocking supersonic wedge dif- 
fuser for air inlets in aircraft (2,776,806). 
Donald H. Brendal, South Glastonbury, 
Conn., assignor to United Aircraft Corp. 

Streamlined member protruding up- 
stream of an inlet opening defined by a 
leading edge. The member extends aft 
within the opening, and the portion of the 
member extending upstream is pivoted at 
its aft end. 


George F. McLaughlin, Contributor 


Hydrostatic pressure switch (2,777,028). 
James M. Kendall and George A. Hen- 
derson, Huntsville, Ala., assignors to the 
U.S. Navy. 

Pair of insulated electro-conducting 
terminals within a missile casing, and a 
movable element for connecting them by 
yieldable means. Hermetically sealed 
fluid-filled chamber in the casing has a 
pair of spaced flexible diaphragms. Out- 
ward flexing of the diaphragms breaks the 
electrical connection between terminals. 
Starters for prime movers such as gas tur- 
bines (2,775,865). Douglas F. Welch, 
Richard A. Bell, and Kenneth B. Randall, 
Coventry, England, assignors to The 
British Thompson- Houston Co., Ltd. 

Starter provided with a gas inlet, a 
monofuel supply, a chamber with heating 
means, and second and third chambers 
with increasingly greater capacities. A 
conduit connects the outlet of the third 
chamber with the gas inlet. 

Ram jet engines (2,775,867). Whitney 
Collins, Detroit, Mich., assignor to Con- 
tinental Aviation & Engineering Corp. 

Pilot burner at the upstream edge of a 
flameholder, having an exhaust port and an 
inlet opening. The burner registers with 
the inlet to discharge a continuous annular 
flame into the sheltered zone of the flame- 
holder. 

Self-destruction device (2,775,942). Al- 
‘bert H. Dell, John H. Kuck, and Jules 
H. Sreb, Washington, D. C., assignors to 
the U. S. Navy. 

Electrically operated projectile fuze with 
a switch connected to explosive means. 
When the fuze melts by heat upon igni- 
tion of a thermal means, centrifugal force 
moves a weight connected to an arm 
actuating the switch to set off an explo- 
sion, destroying the projectile. 
Jet driven sustaining rotor (2,776,016). 
Harris 8S. Campbell, Byrn Athyn, Pa., 
assignor to Autogiro Co. of America. 

Jet carried at the end of the extension of 
a helicopter rotor. A pivot provides ang- 


ling movement of the aeroform con- 
toured extension relative to the blade 
axis. The jet, located well beyond the 


blade tip, gives the applied power a mo- 
ment arm greater than would obtain if the 
jet was located at the blade tip. 


2,775,864 


Jet propulsion engine with afterburner 
(2,775,864). Harry C. Karcher, Indian- 
apolis, Ind., assignor to General Motors 
Corp. 

exhaust pipe terminating 
in a nozzle of fixed area, expanding 
abruptly in cross section downstream to 
an afterburner area. Exhaust pipe walls 
are double. Inner wall receives and cir- — 
culates gases discharged adjacent to the — 
turbine passage boundaries to cool the 
walls. 


Eprrors Nore: 
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may be obtained from the Commissioner of Patents, Washington 25, D. C., 


Patents listed above were selected from the Official Gazette of the U.S. Patent Office. 
at a cost of 25 cents 


Printed copies of patents 


each; design patents, 10 cents. 
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Use SR-4° Fluid Pressure Cells 


to measure and control all industrial pressures... 


The skin diver’s eardrums are a kind of 
““go no-go” gage that tells him when 
he’s down as far as he can go. But 
popping eardrums aren’t recommended 
for performing accurate industrial 


pressure measurements! 


SR-4 Fluid Pressure Cells will measure 
absolute or differential pressures con- 
sistently to less than + 4% accuracy! 
Using well-known SR-4 Bonded Wire 
Strain Gages, these transducers con- 
vert pressure changes directly into a 
varying electrical signal. This. signal 
can be fed to Baldwin indicators, 


BALDWIN : LIMA: HAMILTON 


 Blectronics & Instrumentation Division 
Waltham, Mass. 


safe, rugged, accurate to + 


SR-4® strain gages 


recorders, controllers or other instru- 
ments in a system. There are no 
moving parts to wear out, no long 
pressure lines with possible leakage 
and fire hazards. Remember, a system 
is only as accurate as its transducer. 


If you have pressure measurement 
problems, a B-L-H representative will 
be happy to help you—in selecting the 
proper transducer or in engineering a 
complete pressure measuring system. 


Write today to Dept. A for your free 
copy of Bulletin 4306, showing the wide 
range of SR-4 Fluid Pressure Cells. 


Transducers Testing machines 


SR-4 Fluid Pressure Cells are made 
in standard units with capacities 
as low as 15 psi and as high as 
50,000. With pressure converted 
to proportional electrical voltage, 
the instruments for reading changes 
may be located at any re- 


mote point. 
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GLENNITE AHT-40T 


HIGH TEMPERATURE, TRI-DIRECTIONAL ACCELEROMETER 


SPECIFICATIONS: 

e Acceleration Range: 0.5 to 200 g’s 

e Sensitivity: 5 mv/g with cable (min.) 

e Useful Frequency Range: 25 to 3,000 cps 
e@ Resonant Frequency: 10 kc (min.) 


e Temperature Range: —65° F to +350° F (without external cooling) 


e Linearity: +3% 


e Standard Calibration: 20 to 1,000 cps — 2 g — Room temp. 
,000 cps — 2 g — 350° F (other calibrations available) 


e Weight: less than 1% ozs. 
@ Size: 1” x 1” x 0.75” 


THE DESIGN ENGINEER'S CHOICE 


GLENNITE® TRI-DIRECTIONAL ACCELEROMETERS 


And it’s a choice more and more engineers are making every- 
day. Because when they specify GLENNITE they’re selecting 
from a most complete line of dependable units... wide-range 
piezoelectric, variable reluctance, potentiometer, differential 
transformer styles . . . with uni-directional or tri-directional 
designs . in regular, intermediate or high temperature 
ranges . . . precision components and instruments that custom- 
fit your most exacting requirements. 


Prominent among these valuable designs are GLENNITE minia- 
turized tri-directional accelerometers, specially created to save 
all-important space and weight. These versatile units simultan- 
eously measure three mutually perpendicular accelerations. The 


system illustrated above consists of a GLENNITE AHT-40T High 
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Temperature, Tri-Directional Accelerometer with matching 


F-415M Airborne Amplifier and F-15-4 Filter . . . all connected 
with GLENNITE High Temperature, Low-Noise Cables and Sub- 
miniature Connectors. 


GLENNITE AHT-40T Accelerometers are bender-type, case 
isolated instruments that operate reliably up to +-350° F with- 
out external cooling, and under severe environmental condi- 
tions. Their rugged design adapts them to impact measurements 
where violent changes in speed and atmosphere are en- 
countered or for measurements of structural member vibration. 


As an aid to better designing we have prepared further 
technical information about many GLENNITE environmental test 
instruments and associated systems. It is given in Catalog 
257; send for your copy. 


Be sure to see us at Booth 3031-32, March IRE Show 


=ROM RAW MATERIALS TO COMPLETE SYSTEMS .. 


ulton Industries, 


METUCHEN. NEW JERSEY 


Inc. 


a 
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Technical Literature ‘Digest 


Jet Propulsion Engines | 

Thrust Coefficient and Expansion Ratio 
Tables, by H. 8S. Seifert and John O 
Crum, Ramo-W ooldridge Corp., Feb. 1956, 
91 pp. 

A Detailed Experimental Comparison 
of Axial Compressor Blades Designed for 
Free Vortex Flow and Equivalent Un- 
twisted and Twisted Constant Section 
Blades, by S. J. Andrews and H. Ogden, 
Great Brit. Aeron. Res. Council Rep. and 
Mem. 2928 (Formerly A.R.C. TR 16141; 
Nat. Gas Turbine Est. Rep. 141), 1956, 
20 pp. 

Compressors for High Speed Wind 
Tunnels, by Andrew A. Fejer and James 
Clark, North Atlantic Treaty Org., Ad- 
visory Group for Aeron. Res. and Dev., 
AGARDograph 14, Jan. 1956, 216 pp. 

Control of Turbojet Engines, by A. M. 
Wright, Aero Digest, vol. 73, Sept. 1956, 
pp. 28-33 

Turbine Powerplants in Light Aircraft, 
by Gilbert L. Roth, Aero Digest, vol. 73, 
Sept. 1956, pp. 42-44. 

Turbine Disks for Jet Propulsion Units, 
by A. E. Johnson, Airer. Engng., vol. 28, 
Sept. 1956, pp. 325-332. 

The High Temperature Turbo-Jet En- 
gine, by D. G. Ainley, J. Royal Aeron. 
Soc., vol. 60, Sept. 1956, pp. 563-581. 

The Propeller-Turbine in Airline Serv- 
ice, by T. M. Corson, J. Royal Aeron. 
Soc., vol. 60, Sept. 1956, pp. 590-604. 

Jet Engine Servicing Gets More Com- 
by J. B. Hurt, S.A.£. J., Sept. 
1956, pp. 37-40. 

ge! Tackle Jet Noise Problem, 
by Geérge eee Aviation Week, 
vol. 65, Se ie 3, 1956, pp. 50-51. 

All-Radial Flow Simplifies Portable Tur- 
bine Design, by R. W. E. Martin, Design 
News, vol. 11, Sept. 1, 1956, pp. 50-51. 

Turbine Blade Vibration, by F. Andrews 
and J. P. Duncan, Engineering, vol. 182, 
Aug. 17, 1956, pp. 202-208. 

Flight Propulsion—Out of Thin Air, 
General Electric Rev., vol. 59, Sept. 1956, 
pp. 25-30. 

Ram-Jet Test Vehicle (Napier NRJ-1), 
Engineering, vol. 182, Aug. 17, 1956, p. 
222 

Ram-Jet for Long-Range Missile (Bris- 
tol Thor), Engineering, vol. 182, Aug. 
17, 1956, p. 222. 

Model Specification XT-53-L-1 Shaft 
Turbine Engine (Lycoming Model LTC 
1B-1), Avco Manufacturing Corp., Lyco- 
ming Division, Gas Turbine Dept., Speci- 
fication 1042, Oct. 1955. 

Preliminary Model Specification Lyco- 
ming Model LTCIF-1 Turboprop Engine, 
Aveo Manufacturing Corp., Lycoming 
Division, Gas Turbine Dept., Specification 
104.7, April 1956. 

Preliminary Estimate of Performance of 
a Turbojet Engine When Inlet Pressure 
Is Reduced Below Exhaust Pressure, by 
H. D. Wilstead and W. D. Stemples, 
NACA RM E7130, Feb. 1948, 42 pp. 
(Declassified from Confidential by au- 
thority of NACA Research Abstracts 107, 
Oct. 9, 1956, p. 11.) 

Turbine Disks for Jet Propulsion Units, 
by A. E. Johnson, Aircraft Engng., vol. 
28, Oct. 1956, pp. 348-350. ae 


Cycles, by J. P. 


Turboconditioning Systems with Vapor 


Barger, 

M. Rohsenow, and K. M. Treadwell, 
WSME Paper 56-SA-7, June 1956, 12pp., 
35 figs. 

An Analytical Procedure for Optimizing 
the Selection of Power Plant Components, 
by W. A. Wilson, ASME Paper 56-SA-51, 
June 1956, 21pp. 

Analysis of Part-Speed Operation for 
High-Pressure-Ratio Axial- 
Flow Compressors, by William A. Benser, 
NACA RM 58115, Dee. 1953, 41 pp. 
(Declassified from Confidential by au- 
thority of NACA Research Abstracts 107, 
Oct. 9, 1956, p. 13.) 


Comparison of Low-Speed Rotor and 
Cascade Performance for Medium-Cam- 
ber NACA 65-(CyAio) 10 Compressor- 
Blade Sections over a Wide Range of 
Rotor Blade-Setting Angles at Solidities 
of 1.0 and 0.5, by George C. Ashby, Jr., 
NACA RM 154113, Dec. 1954, 40 pp. 
(Declassified from Confidential by au- 
thority of NACA Research Abstracts 107, 
Oct. 1956, p. 16.) 

Tests on a Single Stage Turbine Com- 
paring the Performance of Twisted with 
Untwisted Rotor Blades, by I. H. Johns- 
ton and L. R. Knight, Great Britain Aero. 
Res. Council Rep. and Mem. 2927 (For- 
merly ARC Tech. Rep. 15999; National 
Gas Turbine Estab. Memo. M.174), 1956, 
11 pp. 


Design Progress: Lycoming T53 En- 
gine Designed for Versatility, Aviation 
Age, vol. 26, Oct. 1956, pp. 26-27. 


Compressor is Key to Napier Eland’s 
Strong Points, Aviation Age, vol. 26, Oct. 
1956, pp. 28-38. 

Soltition to the Previous Problem: De- 
termine the Overall Length of a Rigid 
Tube Connecting 2 Points on a Gas Tur- 
bine Engine, by William J. Elliott and 
Erik H. Halvarson, Gen. Motors Engng. 
J., vol. 3, Oct., Nov., Dec. 1956, pp. 46-47. 


Engines at Farnborough, Flight, vol. 70, 
Sept. 14, 1956, p. 488. 


Studies of Jet Engine Combustors, by 


F. W. Ruegg and H. J. Klug, National 
Bur. Stands., Washington, D. C., Prog. 
Rep. no. 3 for quarter ending March 


31, 1956, 8 pp. (Rep. 4634). 

The Influence of Engine Design Param- 
eters and Atmospheric Conditions on the 
Acoustic Power Output of Turbojet En- 
gines, by Normal Doelling, Ira Dyer, 
and Derwent M. A. Mercer, Bolt, Beranek 
and Newman, Inc., Cambridge, Mass., 
Report on Acoustical Properties of Air 
Force Noise Sources, Jan. 1956, 38 pp. 
(Tech. Rep. W ADC-TR-55-477). 


The Place of British Power Plants in the 
World’s Aviation, by James Hay Stevens, 
Aeronautics, vol. 35, Sept. 1956, pp. 88-95. 

Propulsion, by A. V. Cleaver, De 
Havilland Gazette, vol. 94, Aug. 1956, 
pp. 107-111. 

Free-Piston Gas-Turbines Bibliography 
1950-1955, by Dorothy I. Bulford, 
Special Libraries Association, March 6, 
1956, 9 pp. 


Test Equipment for Simulating a Jet- 
Engine Compressor Tapping at High Alti- 
tudes and Supersonic Speeds, LHngrs. 
Digest, vol. 17, Sept. 1956, pp. 390-391. 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


Rocket Propulsion Engines 


Economics of Rocket-Propelled Air- 
planes, Part I, by Robert Cornog, Aero. 
Engng. Rev., vol. 15, Sept. 1956, pp. 30- 
36, 71. 

‘Screamer’? Rocket for Piloted Air- 


craft: Tri-Propellant Variable-Thrust 
Unit, Eng., vol. 182, Aug. 31, 1956, pp. 
281-282. 


British Lead in Liquid Rato Aircraf:, 
Missiles and Rockets, vol. 1, Oct. 1951, 
p. 37. 

Japanese Test Rocket, Aviation Wee. , 
vol. 65, Oct. 15, 1956, p. 33. 

Effect of Combustion Chamber Pres- 
sure and Nozzle Expansion Ratio on Theo- 
retical Performance of Several Rocket 
Propellant Systems, by Virginia E. Mor- 
rell, NACA RM E50C30, May 1950, 15 
pp. (Declassified from Confidential b+ 
authority of NACA Research Abstracts 10°, 
1956, p. 11.) 

Theoretical Analysis of the Performanc:= 
of a Supersonic Ducted Rocket, by Reec:: 
V. Hensley, NACA RM E7105, Feb. 
1948, 32 pp. (Declassified from Con- 
fidential by authority of NACA Research 
Abstracts 107, Oct. 1956, p. 11). 

Investigation of Rocket Engines for the 
Direct Measurement of Exhaust Jet Ve- 
locities, by Loren E. Bollinger and Ru- 
dolph Edse, Rocket Lab., Ohio State Univ., 
Report on Liquid Rocket Technology, 
March 1956, 75 pp. (Tech. Rep. WADC- 
TR-54-269). 

JATO on Business Planes, Aviation 
Week, vol. 65, Oct. 1, 1956, pp. 62-71. 

Experimental Investigation of a Light- 
weight Rocket Chamber, by John LE. 
Dalgleish and Adelbert O. Tischler, NACA 
TN 3827, Oct. 1956, 11 pp. (supersedes 
NACA RM E52L19a). 

Japanese Rocket Research, by Freder- 
ick C. Durant, III., Missiles and Rockets, 
vol. 1, Oct. 1956, pp. 92-94, 98. 


Heat Transfer and Fluid 
Flow 


Compressibility Factor, Density, Spe- 
cific Heat, Enthalpy, Entropy, Free-Energy 
Function, Viscosity, and Thermal Con- 
ductivity of Steam, by Lilla Fano, e- H. 
Hubbell, and Charles W. Beckett, Nat. 
Bur. Standards, NACA T'N 3273, Aug. 
1956, 61 pp. 

Introduction to Irreversible Processes, 
by J. deBoer, Wisconsin Univ. Naval Res. 
Lab. Tech. Rep. WIS-AF-2, July 1956, 
27 pp. 

Effect of Certain Combinations of Wall 
Contouring and Design Exit Velocity 
Distribution on Prediction of Turbine- 
Nozzle Mass Flow, by Warner L. Stewart, 
Warren J. Whitney, and Thomas R. 
Heaton, NACA RM E53E14, July 1953, 
17 pp. (Declassified from Confidential, 
NACA _ Research 104, Aug. 3, 
1956, p. 12.) 

Analytical seuiian for Rapid Selec- 
tion of Coolant Passage Configurations for 
Air-Cooled Turbine Rotor Blades and for 
Evaluation of Heat-Transfer, Strength, 
and Pressure-Loss Characteristics, by 
Robert R. Ziemer and Henry O. Slone, 
NACA RM E52G18, Sept. 1952, 53 pp. 
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(Declassified from Confidential, NACA Re- 
search Abstracts 104, Aug. 3, 1956, p. 12.) 
Acoustic Radiation from a Stationary 
Cylinder in a Fluid Stream (Aeolian 
Tones), by B. Etkin, G. K. Korbacher 
and R. T. Keefe, Toronto Univ. Inst. 
Aerophysics Rep. 39, May 1956, 23 pp. 

Aerodynamic Mixing Downstream from 
Line Source of Heat in High-Intensity 
Sound Field, by William R. Mickelsen 
and Lionel V. Baldwin, NACA TN 3760, 
Aug. 1956, 76 pp. 

Drag Coefficients for Droplets and Solid 
Spheres in Clouds Accelerating in a 
streams, by Robert D. Ingebo, NAC-~ 
T\ 3762, Sept. 1956, 31 pp. 

Transport Properties for Binary Gas 
Mixtures, by W. O. Carlson and P. J. 
Schneider, Minnesota Univ. Heat Transfer 
La. TR 7 (OSR-TN-56-45), Jan. 1956, 
§2 pp. 

Mass Transfer Cooling of a Laminar Air 
Boundary Layer by Injection of a Light 
Weight Gas, by E. R. G. Eckert, P. J. 
Schneider, and F. Koehler, A/innesota 
Univ. Heat Transfer Lab., TR 8 (OSR- 
T\-56-136; ASTIA AD 86014), April 
1956, 26 pp. 

Potential Flow Through a Cascade of 
Known Airfoils, by Kurt H. Schneider, 
Muss. Inst. Tech. Gas Turbine Lab. Rep. 
32. Aug. 1955, 34 pp. 

The Near Noise Field of Static Jets and 


CALIDYNE 
177 SHAKER SYSTEMS 


for vibration test 


upto 


LBS. 


FORCE OUTPUT 


LBS. 
LOAD AT10G 


upto 


The Model 177 is one of a new 


series of “‘wide-band”’ shakers designed 

i for higher frequency operation and lower 

input requirements. It is the Basic Unit for five 

completely integrated CALIDYNE Vibration Test 

Systems. Oscillatory linear forces up to 5000 lbs. are generated 


and precisely controlled over wide ranges for vibration research and test 
of products up to 411 lbs. maximum load. Any of these five Vibration Test 


Some Model Studies of Devices for Noise 
Reduction, by Leslie W. Lassiter and Har- 
vey H. Hubbard, NACA Rep. 1261, 1956, 
12 pp. (supersedes NACA T'N 3187). 
Strong Shock Waves in Polyatomic 
Gases, by Isaac Greber, Mass. Inst. Tech. 
Fluid Dynamics Res. Group Rep. 56-3, 
(OSR-TN-56-310; ASTIA AD 94345), 


May 1956, 22 pp. 
Method of Designing Corrugated Sur- 
faces Having Maximum Cooling Effec- 


_ Systems using this New Model CALIDYNE 177 Shaker will enable you to: _ 


. Discover effects of “‘brute force’’ shaking on your assemblies and de- 
termine their ability to withstand vibrations far beyond those of 


tiveness Within Pressure-Drop Limita- ; normal operation. 
tions for + Provide factual vibration data essential in determining mode shape, 

ubbartt, an ernon L. Arne, NAC. 3. Determine results of fatigue testing at extremely high stresses and 


RM E54H20, Dec. 1954, 103 pp. (De- 
classified from Confidential, NACA Re- 
search Abstracts, 105, Aug. 28, 1956, p. 9.) 


On Laminar Flow through a Channel 
or Tube with Porous Walls. Application System Type of Force Power | Frequency Maximum Load 
of Method of Averages (Part I), Further Number Vibration Output | Supply Range 10 g. 20 g. 
177/80 | Sinusoidal | 3500 Ibs.| Electronic| 5-2500 cps. | 261 Ibs. | 86 Ibs. 

duchow and S. W. Yuan, Project Squid, 177/180 | Sinusoidal | 5000 Ibs.| Rotary 5-2000 cps. | 411 Ibs. | 161 Ibs. 
Tech. Rep. PIP-28-P (ASTIA A D 98477), 
June 1956, 15 pp. (available only on 3| 177/186 | Sinusoidal | 5000 Ibs./| Electronic] 5-2500 cps. | 411 Ibs. | 161 Ibs. 
microcard). Random er 

On the Jnteraction of a Chapman- 4| 177/190 | Sinusoidal} | 5000 Ibs.| Electronic] 5-2500 cps. | 411 Ibs. | 161 Ibs. 
Jouguet Detonation Wave with a Wedge, ‘ 
by S. B. Rudi Ong, Project Squid Tech. 5| 177/190 | Random} 5000 Ibs.| Electronic] 5-2500 cps. | 411 ibs. | 161 Ibs. 


Rep. MICH-3T, (ASTIA AD 97587), 
June 1956, 73 pp. (available only on 
microcard). 

Size Distribution of Droplets from 
Grooved Core Centrifugal Pressure Noz- 
zles, by A. P. Roy Choudhury, C. G. 
Lamb, and W. F. Stevens, Project Squid 
Tech. Rep. NTI-4-P (ASTIA AD 93806), 
May 1956, 11 pp. (available only on 
microcard),. 

On Jet Separation in Supersonic Rocket 
Nozzles, 2, The Thrust for Discharge to 
Atmospheric Pressure, by D. Willkie, 
Great Brit. Min. of Supply, Directorate of 
Guided Weapons Res. and Dev. Rep. 
MR/56/1 (Imperial College Rep. J.R.L. 
No. 32), 1955, 20 pp., 5 tables, 15 figs. 

Tentative Method for Calculation of 
the Sound Field about a Source over 


deflections. 
CALIDYNE VIBRATION TEST SYSTEMS USING NEW MODEL 177 SHAKER 


tThis system will perform with Random, Sinusoidal, Tape or Mixed Inputs. 


A separate Bulletin 17700 details the specifications, performance data, basic 
components and accessories of the new Model 177 CALIDYNE Shaker and 
its five Shaker Systems. For engineering counsel in applying Controlled 
Vibration to your research and testing, call us here at CALIDYNE — 


Winchester (Boston) 6-3810. 


Technical Instruments, 


Jae. 
Waltham, ‘Moss. (Twinbrook 3-1400) 


See us at I.R.E. Booth 3222-24 


THE 


CALIDYNE 


Syracuse, N. Y. (Syracuse 3-7870) F. Jedon, li 


Washington, C. (Oliver 2-4406) 


SALES REPRESENTATIVES 


Pittsburgh, Pa. (Fremont 1-1231) 
Detroit, (Broadway 3-5399) 


Gerald B. Miller Co. 


Calif. (Hollywood 2-1195) 
San Diego, Calif. (Academy 2-1121) 
Belmont, Calif. (Lyte! 1-0365) 


COMPANY 
120 CROSS STREET, WINCHESTER, MASSACHUSETTS 


Albuquerque, New Mexico 


(Albuquer 


que 5-8606 


, Wash. (Lander 3320) 


Measurement 


tnd 


Ridgewood, N. J. (Gilbert 4-1400) Spec; Arprior, Ont. (Phone 


i i i i a iglized Equipment Corp. 
Ground Considering Diffraction and Scat Syonat, WY. (Wobt 1-5093) eoth Fe Beach 3328) A. Green Co 


tering into Shadow Zones, by David C. Houston, Texas (Jackson 6-2959) EXPORT 

Pridmore- Brow n and Uno Ingard, NACA M. P. Odell Company Chicago, i. (Ambassador 2-1555) Tulsa, Oklahoma (Riverside 2-4657) Rocke International Corp. 

T’ N 37 79,8 ( , Westlake, Ohio (Trinity 1-8000) Indianapolis, Ind. (Glendale 3803) Tucson, Arizona (East 6-1266) 13 East 40th Street, N. Y. 16, N. ¥, 
779, Sept. 1956, 33 pp. Dayton, Ohio (Oregon 4441) Minneapolis, Minn, (Colfax 7949) Denver, Colorado (Acoma 2-9276) (Murray Hill 9-0200) 
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Heat Transfer Rockets, by G. P. 
Sutton, J. Brit. Interplan. Soc., vol. 15 
July-Aug. 1956, pp. 192-205. 

oq Momentum Diffusion from a Slot Jet, 
ra by A. A. Weinstein, J. F. Osterle, and W. 
Mech., vol. 23, Sept. 


Forstall, J. Appl. 
1956, pp. 437-443. 

Study of Light Waves by Light Absorp- 
tion and Emission, by Noward B. Palmer, 
J. Appl. Phys., vol. 27, 
1105-1106. 


Sept. 1956, pp. 


Pneumatic Control of a Turbojet Vari- 
able Nozzle, by Wendell E. Reed, Control 
Engng., Oct. 1956, p. 92. 

Near Noise Field of a Jet-Engine Ex- 
haust, II, Cross Correlation of Sound 
Pressures, by Edmund E. Callaghan, 
Walton L. Howes, and Willard D. Coles; 
Appendix: Correlation Computer, by 
Channing C. Conger and Donald F. Berg, 
NACA TN 3764, Sept. 1956, 53 pp. 

_ Boundary Conditions in Nonsteady 
_ Flow, by George Rudinger, Project Squid 
Tech. Rep. CAL-69-P (ASTIA AD 
104981) Aug. 1956, 14 pp. (available only 
on microcard). 

Observations on Bubble Growths in 
. Superheated Liquids, by Paul 
_ Dergarabedian, Naval Ord. Test Station, 
— Inyokern, China Lake, Calif., Jan. 26, 
1956, 20 pp. (Rep. No. NOTS 1345; 
NAVORD 5009). 

A Study of the End Wall Boundary 
Layer in an Axial Compressor Blade Row, 
by Raymond W. Moore, Jr., and David 
L. Richardson, Gas Turbine Lab. Mass. 
Inst. Tech., Cambridge, Report on Shear 
Flow in Bends, Oct. 1955, 54 pp. (Rep. No. 
33). 


A Potential Flow Solution with Applica- 
tions in Studies Concerning Mass Addi- 
_ tion Along the Boundaries of the Flow, by 
Leith Potter and Norman M. Shapiro, 
Redstone Arsenol, Huntsville, Ala., June 
18, 1956, 19 pp. (Rep. No. 2RI6F: Con- 
tribution No. 30). 
Study of Condensation Products in the 
_ Exhaust of a Jet Engine, by I. G. Poppoff, 
_ Stanford Res. Inst., Menlo Park, Calif., 
_ Final Rep., March 15, 1956, 36 pp. 
(Rep. No. 4). 
_ Heat Transfer in a Cooled Radial Flow 
Turbine with an Aluminum Rotor, by 
-R. D. Smith, Purdue Res. Foundation, 
_ Purdue Univ., Lafayette, Ind., Interim Rep. 
I-56-1, Feb. 1956, 81 pp. 


7 External Heating of Ballistic Missiles, 
by M. C. Smith, Chrysler Corp., Detroit, 
a Mich., T.R. AD-R3, July 21, 1955, 50 pp. 


Axially Symmetric Mixing of Two Lami- 
nar Incompressible Streams, II, by T. P. 
Torda, Illinois Univ., Urbana, Report 
on Theoretical Studies of the Mixing 
Process of a Jet Impinging into a Stream 
of Large Mass, March 1956, 28 pp. 
(TN WADC-TN-55-39). 

Analysis of Gas Flow Systems for Dy- 
namic Control Purposes, by W. K. 
McGregor, Jr., D. W. Russell, and others, 
Arnold Engng. Dev. Center, Tullahoma, 
Tenn., April 1956, 60 pp. (J'ech. Rep. 
AEDC-TR-55-11). 

Approximate Thermodynamic Proper- 
ties of Compressed Hydrogen Gas from 
5000 to 12,000 K, by F. R. Gilmore, Rand 
Corp., Santa Monica, Calif., March 7, 
1956, 7 pp. (Rep. RM-1650). 

Investigation of a Related Series of 
Turbine-Blade Profiles in Cascade, by 
James C. Dunavant and John R. Ersin, 
NACA TN 3802, Oct. 1956, 100 pp. 

Apropros of Certain Recent Experiences 
on the Convection of Heat and the Trans- 
formation of Energy, by Pierre Vernotte, 
France, Ministére de ’ Air, Pub. Sci. Tech., 


356 


Notes Tech. No. 61, (in 
French). 


Transpiration Cooling in the Turbulent 


1956, 21 pp. 


Flow Through a Porous Wall Pipe, by S. W. 
Yuan and L. S. Galowin, Project Squid 
Tech. Rep. PIB-30-P (ASTIA AD 


102725), July 1956, 15 pp. (available only 
on microcard). 

Study of Heat Transfer to Liquid 
Nitrogen, by L. E. Dean and L. 
Thompson, ASME Paper 56-SA-4, June 
1956, 7 pp. 

Design, by D. H. Fax and R. R. Mills, 
Jr., ASME, Paper 56-SA-19, June 1956, 
6 pp. 

Properties of Steam at High Pres- 
sures—an Interim Steam Table, by R. C. 
Spencer, C. A. Meyer, and R. D. Baird, 
ASME, Paper 56-SA-33, June 1956, 5 pp. 

Turbulent Free Convection, Heat Trans- 
fer Rates in a Horizontal Pipe, by J. P. 
Frazer and D. J. Oakley, ASME Paper 
56-F-6, Sept. 1956, 7 pp. 

An Investigation of Flow Separation in 
an Overexpanded Supersonic Nozzle, 
by John Dill McKenney, Calif. Inst. Tech. 
Guggenheim Aeron. Lab., 1949, 31 pp. 

Further Measurements of Intensity, 
Scale and Spectra of Turbulence in a 
Subsonic Jet, by James C. Laurence 
and Truman M. Stickney, NACA TN 
3576, Oct. 1956, 24 pp. 

Near Noise Field of a Jet-Engine Ex- 
haust, I, Sound Pressures, by Walton 
L. Howes and Harold R. Mull, NACA TN 
3763, Oct. 1956, 51 pp. 

Impingement of Droplets in 60° Elbows 
with Prige we Flow, by Paul T. Hacker, 
Paul G. Saper and Charles F. Kadow, 
NACA TN 3770, Oct. 1956, 54 pp. 

The Calculation of the Thermodynamic 
ye of Air at High Temperatures, 

y J. G. Logan, Jr., Cornell Aeron. Lab., 
ne., Nos. AD-1052-A- 1, AD-95220, 
AFOSR TN56-344, May 1956. 


Tables of Thermodynamic Properties of 
Air from 3000°K to 10,000°K, by C. E. 
Treanor and J. G. Logan, Jr., Cornell 
Aeron. Lab., Inc., Nos. AD-1052-A-2, 
AD-95219, AFOSR TN 56-343, June 1956. 


Thermodynamic Charts for High Tem- 
perature Air Calculations (2,000°K to 
9,000°K), by J. G. Logan, Jr., Cornell 
Aeron. Lab., Inc., Nos. AD-1052-A-3, 
AD-95218, AFOSR TN 56-342, July 
1956. 

Further Measurements of Intensity, 
Scale and Spectra of Turbulence in a 


Supersonic Jet, by James C. Laurence 
and Truman M. Stickney, NACA 7'N 
3576, Oct. 1956, 24 pp. 


Silencing the Jet Aircraft, by Holden 
W. Withington, Noise Control, vol. 2, 
Sept. 1956, pp. 46-53. 

Thermal Lags in Flowing Incompressible 
Fluid Systems Containing Heat Capaci- 
tors, by J. W. Rizika, Trans. ASME, 
vol. 78, Oct. 1956, pp. 1407-1413. 

Analytical and Experimental Investiga- 
tion of Incompressible and Compressible 
Mixing of Streams and Jets, by T. P. 
Torda and H. S. Stillwell, Z/linois Univ., 
Urbana, Report on Wind-Tunnel Studies, 
March 1956, 250 pp. (7.R. WADC- 
TR-55-347). 


Combustion 


Some Effect of Small-Scale Flow Dis- 
turbance on Nozzle-Burner Flames, by 
Edgar L. Wong, NACA T7'N 3765, Sept. 
1956, 19 pp. 

Combustion Instability in Liquid Pro- 


ellant Rocket Motors, 16th Quarterly 


rogress Report for the Period 1 Febru- 
ary-30 April, 1956, Princeton Univ. Dept. 
of Aeron. Engng Rep. 216-p, June 1956, 
21 pp., 8 figs. 

On the Chemical Mechanism of Pro- 
pane Oxidation in the Gas Phase, by V. MM. 
Byrko, K. E. Krugliakova, and A. F. 
Lukovnikov, Doklady Akad. Nauk USSR, 
vol. 108, no. 6, 1956, pp. 1093-1095 (in 
Russian ). 

The Problem of a Strong Point Explo- 
sion in a Gas When the Temperature 
Gradient Is Zero, by V. P. Korobeeni- 
kov, Doklady Akad. Nauk USSR, vol. 109, 
no. 2, 1956, pp. 271-273 (in Russian). 

The Influence of Pressure on the For- 
mation of Intermediate Products in the 
Oxidation of Propane, by A. 8. Badri:n 
and A. S. Furman, Doklady Akad. Nauk 
USSR, vol. 108, no. 5, 1956, pp. 861-863 
(in Russian). 

Comparative Study of C:H2/O2 and 
C:H./N2O Flame Spectra, by J. Vaerman, 
G. Nenquin, and A. Van Tiggelen, Bui. 
Soc. Chim. Belges, vol. 65, May-June 1951, 
pp. 435-452 (in French). 

The Influence of Hydrogen on Carbon 
Monoxide-Oxygen Flames, by P. Sloot- 
maekers and A. Van Tiggelen, Bull. Soc. 
Chim. Belges, vol 65, May-June 1956, pp. 
425-434 (in French). 

The Oxidation of Methane by Oxygen 
Atoms Resulting From the Thermal wt 
composition of Ozone, by N. 
Kleimenov, I. N. Antonova, A. M. Re 
vich, and A. B. Nalbandyan, J. Phys. 
Chem. USSR, vol. 30, no. 4, 1956, pp. 794 - 
797 (in Russian). 

Kinetic Study of the Initial Phase of 
Nitrogen Oxide Catalyzed Oxidation of 
Methane, by L. V. Karmilova, N. S. 
Enikolopyan, and A. B. Nalbandyan, 
J. Phys. Chem. USSR, vol. 30, no. 4, 1956, 
pp. 798-810 (in Russian ). 

Combustion of Mixtures of Nitric Oxide 
and Hydrogen. I. Kinetics of the Reac- 
tion inthe Flame. II. Mechanism of the 
Reaction in the Flame, by A. I. Rozlovskii, 
J. Phus. Chem. USSR, vol. 30, no. 4, 1956, 
pp. 912-921; vol. 30, no. 7, 1956, pp. 1444— 
1451 (in Russian). 

On the Structure of Turbulent Flames, 
by K. Wohl and H. von Rosenberg, 
Project Squid Tech. Rep. DEL-6-P 
(ASTIA AD 95376), June 1956, 15 pp. 
(available only on microcard). 

Combustion Studies in a Stirred Reac- 
tor, by H. C. Hottel, G. C. Williams and 
M. L. Baker, Project Squid Tech. Rep. 
MIT-11-P (ASTIA AD 96255), June 
1956, 22 pp. (available only in microcard) 

Boundary Layer Effects on Stability 
Characteristics of Bluff Body Flame Hold- 
ers, by G. C. Williams, P. T. Woo, and 
C. W. Shipman, Project Squid Tech. Rep. 


MIT-10-P (ASTIA AD 95264), June 
1956, 24 pp. (available only on micro- 
card). 


Flame Propagation in Cylindrical Tubes 
Near Quenching Limit, by J. M. Singer 
and G. von'Elbe, Project Squid Tech. 
Rep. BUM-15-P (ASTIA AD 104496), 
Aug. 1956, 12 pp. (available only on 
microcard). 

A Shock Tube Study of Flame Front 
Pressure Wave Interaction, by G. H. 
Markstein, Project Squid Tech. Rep. CAL- 
68-P (ASTIA AD 404497), Aug. 1956, 
(available only on microcard). 

Generalized Charts of Detonation Pa- 
rameters for Gaseous Mixtures, by Ber- 
nard T. Wolfson and Robert G. Dunn, 
Aeron. Res. Lab. Wright Air Dev. Center, 
Wright-Patterson Air Force Base, Ohio, 
Report on Ramjet Technology, March 
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No-leakage static seals Ly 


for orifices, fasteners, flanges, covers; 


mechanical and electronic. 


*—the O-Seal family: 


lock. O-Seal® 
Gask-O-Seal ® 
Stat-O-Seal ® 
Bolt-O-Seal ® 
Riv-O-Seal ® 
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Termin-O-Seal ® 
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#1 in a series... on 


the new science of 
cable-tronics 


aircraft too 
relies On 
cable 


©1957 Douglas Roesch 


For a missile to realize its inherent reliability factor every system ; 
component must “be in tune?’ The burden of sensitive and complex 
electronic functions multiplies the problems. The inadequacy of 
conventional electric cabling, using standard jacketing concepts, 

is now recognized. Hence there has arisen the demand for “cable- 
tronics”—the new systems design concept of true electronic cable 
structures to meet specific requirements. 

D.R., “cable-tronic’” pioneers, are equipped to custom fabricate 
complete systems from cable spinning through connectors... 
molded breakouts...metal work...fasteners...testing and 
assembly to your specifications or research and design systems to 


meet your requirements. 
’ Write for complete facilities brochure. 


Rep inquiries invited. 


share Engineers, investigate your future with Douglas Roesch 

CABLE DIVISION 
ouglas of 950 NO. ONTARIO ST. 
loesch CALIFORNIA 


1956, 16 pp. (Tech. Rep. WADC-TR- 
54-585). 


Calculations of Detonation Velocities in 
Gases, by Rudolph Edse, Rocket Lab., 
Ohio State Univ., Columbus, Final Rep. 
on Liquid Rocket Engine Technology, 
March 1956, 53 pp. (TR WADC-TR- 
54-416). 


Study of Flame Kernel Behavior, by 
Russell K. Sherburne and Charles F. 
Mozer, Phys. Sci. Lab. New Mexico College 
of A. and M. Arts, Final Rep., Jan. 15, 
1953—March 15, 1955, 52 pp. 

Research on the Combustion of Liquid 
and Gaseous Fuels, by Gail M. Clough, 
A. A. Putnam, and M. J. Kenworthy, 
Battelle Mem. Inst., Columbus, Ohio, 
Quart. Prog. Rep. No. 1, Dec. 1, 1955- 
Feb. 1956, Feb. 29, 1956, 8 pp. 

The Stability of Slow Detonations (Die 
Stabilitat Langsamer Detonationen), by 
R. Schall, Tech. Information Bureau (Gt. 
Britain), Sept. 1955, 12 pp. (transl. No. 
TIB/T4520; translated from Lab. Res. 
Tech., St. Louis, Memo., France 6M/53, 
19 pp., Jan. 21, 1953). 

The Development of the Squib MK 1 
for Use in Navy Rocket Igniters, by R. L. 
Smith, Naval Ord. Test Station, China Lake, 
Calif., April 6, 1956, 29 pp. (Rep. NOTS 
1384; NAVORD 5039). 

Theoretical Study of the Hydrogen 
Bromine Flame, by Edwin S. Campbell, 
Wisconsin Univ. Naval Res. Lab., CM-887, 
Sept. 1956, 29 pp. 

Mechanism of Generation of Pressure 
Waves at Flame Fronts, by Boa-Teh Chu, 
NACA TWN 3683, Oct. 1956, 20 pp. 

Structure and Stability in N-Butane- 
Nitrogen Dioxide Flames in Air, by E. 
Miller and H. J. Setzer, Redstone Arsenal 
Ordnance Missile Labs. Rep. 2R20F, Oct. 
1956, 37 pp. 

Investigation of Jet Flameholders, by 
Robert H. Eustis and Charles L. Mraz, 
Wright Air Dev. Center TN 56-316 
(ASTIA AD 97142), April 1956, 52 pp. 

Ignition Accelerators and Autoignition 
Environment, by R. W. Hurn and K. J. 
Hughes, Ind. Engng. Chem., vol. 48, Oct. 
1956, pp. 1904-1908. 

Experimental Proof for the Existence of 
Nonthermal Rotational Distributions of 
OH (2r+) in Flames, by Herbert P. 
Broida and Henry J. Kostkowski, J. 
Chem. Phys. vol. 25, Oct. 1956, pp. 676- 
680. 


On the Pressure Estimation in Impact 
Sensitivity Experiments on Explosives 
and the Problem of Initiation, by M. P. 
Murgai, J. Chem. Phys., vol. 25, Oct. 1956, 
pp. 762-767. 

Method for the Controlled Burning of 
Combustible Materials and Analyses of 
the Combustion Gases, by Alan Schrie- 
sheim, J. Res. Nat. Bur. Stands., vol. 57, 
Oct. 1956, pp. 245-249. 

Effect of Pressure on the Spontaneous 
Ignition Temperature of Liquid Fuels, 
by Cleveland O’Neal, Jr.. NACA TN 
3829, Oct. 1956, 21 pp. 

On the Ignition of a Moving Combustible 
Gas Stream, by Paul L. Chambre, J. 
Chem. Phys., vol. 25, Sept. 1956, pp. 417- 
421. 

On the Burning Rate of Carbon Mon- 
oxide, by Raymond Friedman and Joseph 
A. Cyphers, J. Chem. Phys., vol. 25, Sept. 
1956, pp. 448-456. 

Growth Rates of Turbulent Free Flames, 
by William R. Mickelsen and Norman E. 
Ernstein, J. Chem. Phys., vol. 25, Sept. 
1956, pp. 485-489. 

Gaseous Intonations, VIII, Two-Stage 
Detonations in Acetylene Oxygen Mix- 
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tures, by G. B. Kistiakowsky and Paul 
C. Mangelsdorf, Jr., J. Chem. Phys., 
vol. 25, Sept. 1956, pp. 516-518. 


Fuels, Propellants and 
Materials 


Some Factors Affecting the Decomposi- 

tion of Hydrazine in Liquid Ammonia, 
by J. P. Redmond and J. A. Krynitsky, 
Naval Res. Lab. Rep., 4536, June 1955, 20 
® Liquid Viscosities at Elevated Tempera- 
tures and Pressures: Viscosity of Benzene 
from 90° to Its Critical Temperature, by 
John R. Heiks and Edward Orban, J. 
Phys. Chem., vol. 60, Aug. 1956, pp. 1025- 
1027. 
" Combustion Calorimetry of Organic 
Fluorine Compounds by a _ Rotating- 
Bomb Method, by W. D. Good, D. W. 
Seott, and Guy Waddington, J. Phys. 
Chem., vol. 60, Aug. 1956, pp. 1080-1089. 
* Precision Measurement of Detonation 
Velocities in Liquid and Solid Explosives, 
hy A. W. Campbell, M. E. Malin, T. J. 
Boyd, Jr., and J. A. Hull, Rev. Sct. In- 
struments, vol. 27, Aug. 1956, pp. 567- 
O74. 

Characteristics and Application of 
Rocket Propellants, by Kurt R. Stehling, 
lero Digest, vol. 73, July 1956, pp. 56-58, 
60. 

Direct Oxidation of Ethylene to Produce 
Ethylene Oxide, by M. Pellegrin, Jnst. 
Francais FPetrole, Rev. et Annales des 
Combust. Liquides, vol. 11, April 1956, 
pp. 490-500 (in French). 

' Vapor Pressure and Dielectric Constant 
of Diborane, by H. EF. Wirth and E. D. 


Palmer, J. Phys. Chem., vol. 60, July 1956, 
pp. 911-913. 

Dielectric Constant and Vapor Pressure 
of Pentaborane, by H. E. Wirth and E. D. 
Palmer, J. Phys. Chem., vol. 60, July 1956, 
pp. 914-916. 

High Temperature Materials—a Re- 
view, by Eric A. Brandes, Product Engng., 
vol. 27, Sept. 1956, pp. 186-190. 

Research on a Premixed Gaseous 
Rocket Propellant, by Loren E. Bollinger 
and Rudolph Edse, Wright Air Dev. 
Center, T.N.. 55-388, Aug. 1955, 65 pp. 


Instrumentation and 
Experimental Techniques 


F Comparison of Several Methods for 
Obtaining the Time Response of Linear 
Systems to Either a Unit Impulse or 
Arbitrary Input from Frequency-Response 
Data, by James J. Donegan and Carl R. 
Huss, NACA TN 3701, July 1956, 39 pp. 

Apparatus for Measuring the Thermal 
Conductivity of Liquids at Elevated Tem- 
peratures; Thermal of Fused NaOH to 
600C, by C. F. Lucks and H. W. Deem, 
ASME Paper 56-SA-31, June 1956, 7 pp. 

Studies in Bomb Calorimetry, VI, 
by R. A. Mott and I. Moulson, Fuel, vol. 
35, Oct. 1956, pp. 476-492. 

Semitrailer Mounted Oxygen or Nitro- 
gen Generating and Charging Plant, by 
S. L. Feldhan, Wright Air Dev. Center. TR 
54-19, Part 2, (ASTIA AD 93139), 
March 1956, 93 pp. 

Radiation and Recovery Corrections and 
Time Constants of Several Chromelalumel 
Thermocouple Probes in High-Tempera- 
ture, High-Velocity Gas Streams, by 
George E. Glawe, Frederick 8. Simmons, 


and Truman E. Stickney, NACA TN 
3766, Oct. 1956, 25 pp. 

Absolute Method for Sound Intensity 
Measurement, by D. R. Pardue and A. L. 
Hedrich, Rev. Scientific Instrumts., vol. 
27, Aug. 1956, pp. 631-632. 

Dynamics of Liquid Flow Control, by 
Allan R. Catheron and Bruce D. Hains- 
worth, Instruments and Automation, vol. 
29, Aug. 1956, pp. 1525-1527. 

Transistors Telemeter Small Missiles, 
by Cecil M. Kortman, Electronics, vol. 29, 
July 1956, pp. 145-147. 

Modification of Air Force Type J-8 
Attitude Horizon Indicator for Aerobee 
Aspect Instrumentation, by J. A. Foster, 
H. S. Sicinski, and H. F. Schulte, Univ. of 
Michigan Engng. Res. Inst., March 1956, 
11 pp. (Rep. CS-5; 2096-14-S). 


Terrestrial Flight, Vehicle 
Design 


Generalized Trajectory Curves for 

Bodies Moving in Air, by R. J. Templin 
and M. J. Callan, Canada, Nat. Aeron. 
Estab. Note 13, 1956, 10 pp., 4 figs. 
+ Flight Investigation of the Performance 
of a Two-Stage Solid-Propellant Nike- 
Deacon (DAN) Meteorological Sounding 
Rocket, by Robert H. Heitkotter, VACA 
TN 3739, July 1956, 21 pp. 


Space Flight, Astrophysics, 
and Aerophysics 

An Investigation of Vertical-Wind-Shear 
Intensities from Balloon Soundings for 
Application to Airplane-and-Missile-Re- 


and 


tion and missile feasibility studies. 
physics and possibly game theory. 


concepts. 


Please send replies to: 


E. P. Bloch 


10 West 35th Street 
Chicago, Illinois 


WEAPONS EVALUATION 
MISSILE FEASIBILITY STUDIES 


Research Organization needs men for weapons evalua- 
Experience in one 
or more of the following fields required: 
Individuals must 
be imaginative, creative and original in dealing with 


These positions offer opportunity to work on a wide 
variety of problems which encompass all forms of air 
and ground warfare. Work in small project group and 
an intimate environment of diversified scientific talents. 


If you are interested in employment in a long estab- 
lished research organization in the metropolitan area 
offering cultural and educational advantages and access 
to a university campus, please send us your resume. 


ARMOUR RESEARCH FOUNDATION 


Illinois Institute of Technology 


statistics, 


Marcu 1957 


Fluid Dynamics 


Supervisor 


for GENERAL ELECTRIC’S 
Small Aircraft Engine Department 


To take charge of unit providing design for after- 
burners, nozzles, inlets, turbine and other dif- 
fusion systems and components encountered in gas 
turbine engines . 
product needs. 


. . for both current and future 


He must be able to initiate and direct studies lead- 
ing to the solution of design problems; plan and 
schedule test and evaluation activities, conduct 
problem analyses and handle field complaints. 


Specific experience in aerothermodynamics, as re- 
lated to the design of gas turbine engine compo- 
nents, is necessary. 


Write in complete confidence to: 


Mr. Roger Hawk 


SMALL AIRCRAFT ENGINE DEPARTMENT 


GENERAL @@) ELECTRIC 


1000 Western Avenue 
Lynn, Massachusetts 
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I Problems, by H. B. Tolefson, 
NACA TN 3732, July 1956, 33 pp. 
Pressure and Density Measurements 

Through Partial Pressures of Atmospheric 

Components at Minimum Satellite Alti- 

tudes, by H. S. Sincinski, N. W. Spencer, 

and R. L. Boggess, Univ. ‘of Michigan, 

Ann Arbor, Engng. Res. Inst., March 

1956, 11 pp. (Rep. CS-5; 2096-14-S). 

The Pattern of Radiative Heating and 
Cooling in the Troposphere and Lower 
Stratosphere, by F. Méller, Proc. Royal 
Soc., vol. 236, Aug. 2, 1956, pp. 148-156. 

The Computation of Radiative Heating 
Rates in the Atmosphere, by A. R. Curtis, 
Proc. Royal Soc., vol. 236, Aug. 2, 1956, 
pp. 156-159. 

High-Resolution Spectroscopy of Minor 
Atmosphere Constituents, by M. Migeotte, 
Proc. Royal Soc., vol. 236, Aug. 2, 1956, 
pp. 159-160. 

The Use of Surface Observations to 


Estimate the Local Energy Balance of the 
Atmosphere, by G. D. Robinson, Proc. 
Royal Soc., vol. 236, Aug. 2, 1956, pp. 
160-171. 

Solar Infra-Red Spectroscopy from 
High-Altitude Aircraft, by F. E. Jones and 
V. Roberts, Proc. Royal Soc., vol. 236, 
Aug. 2, 1956, pp. 171-175. 

Some Measurements of the Flux of 
Infra-Red Radiation in the Atmosphere, 
by A. W. Brewer and J. T. Houghton, 
Proc. Royal Soc., vol. 236, Aug. 2, 1956, 
pp. 175-186. 

Origin aid Distribution of the Poly- 
atomic Molecules in the Atmosphere, by 
G. B. M. Dobson, Proc. Royal Soc., vol. 
236, Aug. 2, 1956, pp. 187-193. 

Thermal Radiation in the Upper At- 
mosphere, by A. R. Curtis and R. M. 


Goody, Proc. Royal Soc., vol. 236, Aug. 
2, 1956. pp. 193-206. 
The Thermosphere, by D. R. Bates, 


Street 
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Proc. Royal Soc., vol. 236, Aug. 2, 1956, 
pp. 206-211. 

Study of Solar Radiation at High Alti- 
tudes Using Rocket-Borne Instruments, 
by R. L. F. Boyd, Proc. Royal Soc., vol. 
236, Aug. 2, 1956, pp. 211-216. 

Absorption of Ultra-Violet Radiation by 
the Atmospheric Gases, by R. W. Ditch- 
burn, Proc. Royal Soc., vol. 236, Aug. 2, 
1956, pp. 216-226. 

Upper-Air Density and Temperature id 
the Falling-Sphere Method, by F. L. 
Bartman, L. W. Chaney, L. M. an 
and V. C. Liu, J. Appl. Phys., vol. 27, 
July 1956, pp. 706-712. 

Measurements on the Velocity of Sound 
in Air under Pressures up to 20 Atm 
Combined with Thermal Diffusion, by 
A. van Itterbeek and W. de Rop, Appl. 
Scientific Res., vol. 6, Sect. A, no. 1, 1956, 
pp. 21-28. 

The Radio Sky, by John D. Kraus, 
Scientific American, vol. 195, July 1956, 
pp. 32-37. 

The Internal Structure and Chemical 
Composition of the Major Planets, by 
S. V. Kozlovskaya, Doklady Akad. Nauk 
USSR, vol. 108, no. 3, 1956, pp. 409-412 
(in Russian). 

Legal Problems of Upper Space, by John 
C. Cooper, paper presented before the 
American Society of International Law, 
April 26, 1956. 


Atomic Energy 


Nuclear Aircraft Shielding, by A. P. 
Fraas, Aeron. Engng. Rev., vol. 15, 
Sept. 1956, pp. 39-43. 

Atomic Review, (Equipment, Isotopes 
and Ideas; Propulsion; Pattern of 
Research; Material Progress), Engng., 
vol. 182, Aug. 17, 1956, pp. 220-221; 
Aug. 24, 1956, pp. 252-254; Aug. 31, 
1956, pp. 283-285; Sept. 7, 1956, pp. 317- 
318. 


Atomic Review: Reactor Systems, 
Engng., vol. 182, Sept. 1956, pp. 345-347. 

Atomic Review: More Reactors, 
Engng., vol. 182, Sept. 1956, pp. 378-380. 

Atomic Review: Fuel and Power, 
Engng., vol. 182, Sept. 1956, pp. 411-414. 

Controlling a Nuclear-Driven Gas Tur- 
bine, by Milton Lowenstein, Control 
Engng., Oct. 1956, pp. 71-77. 

The Application of Fluidisation Tech- 
niques to Nuclear Reactors—a Preliminary 
Assessment, by J. B. Morris, C. M. 
Nicholls, and F. W. Fininng, Trans. Instn. 
Chem. Engrs., vol. 34, No. 2, 1956, pp. 
168-194. 

Neutron Thermalization, Part 1 Heavy 
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Your future comes quickly at Boeing . . . for the 
future is Boeing’s business. There is no reverence 
here for “limits” —creative engineers are explor- 
ing exciting pathways into the unknown. 

Here, the jet age has already begun in air travel. 
America’s first jet liner, the giant Boeing 707, 
has been test flying for over 2 years. 

Because Boeing is already looking beyond this and 
other “tomorrows,” still searching more distant 


horizons, we need you. 


We welcome all types of engineers and scientists 


High stakes are yours t 


“NIGHT CHESS” a painting by Simpson-Middleman, a doubly gifted team of 
artists with a scientist’s penetrating insight. They portray here ‘ta chess- 
like game played in a segment of space on a skewed board with pieces of 
uncertain value against an unknown antagonist. The next move is unfore- 
seen— it will come out of the dark—it will be history's most fateful gambit.” 


o win at Boeing 


and advanced mathematicians who enjoy the ex- 
citement of being far ahead in the vaster vistas of 
supersonic flight, of electronic guidance, in virtu- 


ally every field associated with flight. 


It is a stimulating experience. And in this sym- 
pathetic climate, you'll find very quickly that 


“you belong... at Boeing.” 


Drop a note now to John C. Sanders, Engineering 
Personnel Administrator, Boeing Airplane Company, 


Department P-61, Seattle 24, Washington. — 7 
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